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The presently disclosed embodiments relate 1n general to
flexible electrophotographic imaging members, such as lay-
ered photoreceptor structural simplification, and material
reformulation for making and using the same. More particu-
larly, the embodiments pertain to the incorporation of a plas-
ticizer or mixture of plasticizers into the charge transport
layer for rendering flatness such that an anticurl back coating
1s no longer needed to counteract and control the layered
photoreceptor curling.
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FLEXIBLE IMAGING MEMBERS HAVING
EXTERNALLY PLASTICIZED IMAGING

LAYER(S)

CROSS-REFERENCE TO RELATED
APPLICATIONS

Reference 1s made to commonly owned and co-pending,
U.S. patent application Ser. No. 13/940,085 entitled “Imag-
ing Members Having An Cross-Linked Anticurl Back Coat-
ing”” to Robert C. U. Yu et al., electronically filed on the same
day herewith, the entire disclosure of which 1s incorporated
herein by reference 1n 1ts entirety.

BACKGROUND

The presently disclosed embodiments are directed to imag-
ing members 1n electrostatography. More particularly, the
embodiments pertain to a structurally simplified flexible elec-
trophotographic imaging member prepared without the need
of an anticurl back coating layer and a process for making and
using the member.

In electrophotographic or electrostatographic reproducing,
apparatuses, including digital, image on image, and contact
clectrostatic printing apparatuses, a light image of an original
to be copied 1s typically recorded 1n the form of an electro-
static latent 1mage upon a photosensitive member and the
latent 1mage 1s subsequently rendered visible by the applica-
tion of electroscopic thermoplastic resin particles and pig-
ment particles, or toner. Typical flexible electrostatographic
imaging members include, for example: (1) electrophoto-
graphic 1maging member belts (belt photoreceptors) com-
monly utilized 1n electrophotographic (xerographic) process-
ing systems; (2) electroreceptors such as 1onographic
imaging member belts for electrographic imaging systems;
and (3) intermediate toner image transter members such as an
intermediate toner 1mage transierring belt which 1s used to
remove the toner 1images from a photoreceptor surface and
then transier the very images onto a recewving paper. The
flexible electrostatographic imaging members may be seam-
less or seamed belts; and seamed belts are usually formed by
cutting a rectangular sheet from a web, overlapping opposite
ends, and welding the overlapped ends together to form a
welded seam. Typical electrophotographic imaging member
belts include a charge transport layer and a charge generating
layer on one side of a supporting substrate layer and an
anticurl back coating coated onto the opposite side of the
substrate layer. A typical electrographic imaging member belt
includes a dielectric imaging layer on one side of a supporting
substrate and an anticurl back coating on the opposite side of
the substrate to render tlatness. Although the scope of the
present embodiments covers the preparation of all types of
flexible electrostatographic 1maging members, however for
reason of simplicity, the discussion hereimatter will focus and
be represented only on flexible electrophotographic imaging,
members.

Electrophotographic flexible 1maging members may
include a photoconductive layer including a single layer or
composite layers. Since typical flexible electrophotographic
imaging members exhibit undesirable upward 1imaging mem-
ber curling, an anti-curl back coating, applied to the backside,
1s required to balance the curl. Thus, the application of anti-
curl back coating i1s necessary to provide the appropriate
imaging member belt with desirable tlatness.

One type ol composite photoconductive layer used in
xerography 1s illustrated 1 U.S. Pat. No. 4,265,990 which

describes a photosensitive member having at least two elec-
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trically operative layers. One layer comprises a photoconduc-
tive layer which 1s capable of photogenerating holes and
injecting the photogenerated holes into a contiguous charge
transport layer. Generally, where the two electrically opera-
tive layers are supported on a conductive layer, the photocon-
ductive layer 1s sandwiched between a contiguous charge
transport layer and the supporting conductive layer. Alterna-
tively, the charge transport layer may be sandwiched between
the supporting electrode and a photoconductive layer. Photo-
sensitive members having at least two electrically operative
layers, as disclosed above, provide excellent electrostatic
latent images when charged 1n the dark with a uniform nega-
tive electrostatic charge, exposed to a light image and there-
alter developed with finely divided electroscopic marking
particles. The resulting toner 1mage 1s usually transferred to a
suitable recerving member such as paper or to an intermediate
transfer member which thereaiter transiers the image to a
receiving member such as paper.

In the case where the charge generating layer 1s sand-
wiched between the outermost exposed charge transport layer
and the electrically conducting layer, the outer surface of the
charge transport layer 1s charged negatively and the conduc-
tive layer 1s charged positively. The charge generating layer
then should be capable of generating electron hole pair when
exposed 1mage wise and inject only the holes through the
charge transport layer. In the alternate case when the charge
transport layer 1s sandwiched between the charge generating
layer and the conductive layer, the outer surface of the charge
generating layer 1s charged positively while conductive layer
1s charged negatively and the holes are injected through from
the charge generating layer to the charge transport layer. The
charge transport layer should be able to transport the holes
with as little trapping of charge as possible. In flexible 1mag-
ing member belt such as photoreceptor, the charge conductive
layer may be a thin coating of metal on a flexible substrate
support layer.

Typical negatively-charged electrophotographic 1imaging
member belts, such as flexible photoreceptor belt designs, are
made of multiple layers including a tlexible supporting sub-
strate, a conductive ground plane, a charge blocking layer, an
optional adhesive layer, a charge generating layer, and a
charge transport layer. The charge transport layer 1s usually
located at the outermost layer. The charge transport layer 1s
generally coated and dried at elevated temperatures (e.g.,
about 120° C.), and then cooled down to ambient room tem-
peratures. Normally, an upward curling of the multilayered
photoreceptor 1s observed during the manufacturing of the
web stock of coated multilayered photoreceptor materials,
which 1s a consequence of thermal contraction mismatch
between the charge transport layer and the substrate support
due to the heating/cooling processing step. According to the
mechanism: (a) as the web stock carrying the wet applied
charge transport layer 1s dried at elevated temperature, dimen-
sional contraction does occur when the wet charge transport
layer coating 1s losing its solvent during 120° C. elevated
temperature drying, but at 120° C. the charge transport layer
remains as a viscous flowing liquid after losing 1ts solvent.
Since 1ts glass transition temperature (IT'g) 1s at 85° C., the
charge transport layer after losing of solvent will flow to
re-adjust itseld, release internal stress, and maintain 1ts dimen-
sion stability; (b) as the charge transport layer now 1n the
viscous liquid state 1s cooling down further and reaching its
glass transition temperature (1'g) at 85° C., the CTL 1nstan-
taneously solidifies and adheres to the charge generating
layer because it has then transformed itself from being a
viscous liquid into a solid layer at its Tg; and (c¢) eventual
cooling down the solid charge transport layer of the imaging
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member web from 85° C. down to 25° C. room ambient will
then cause the charge transport layer to contract more than the
substrate support since 1t has about 3.7 times greater thermal
coellicient of dimensional contraction than that of the sub-
strate support. This differential in dimensional contraction
results 1n tension strain built-up 1n the charge transport layer
which therefore, at this instant, pulls the 1imaging member
upward to exhibit curling. If unrestrained at this point, the
imaging member web stock will spontaneously curl upwardly
into a 1.5-inch tube. To ofiset the curling, an anticurl back
coating 1s applied to the backside of the flexible substrate
support, opposite to the side having the charge transport layer,
and render the 1maging member web stock with desired tlat-
ness.

Curling of an electrophotographic imaging member web 1s
undesirable because 1t hinders fabrication of the web 1nto cut
sheets and subsequent welding 1nto a belt. An anticurl back
coating, having an equal counter curling effect but in the
opposite direction to the applied imaging layer(s), 1s applied
to the reverse side of substrate support of the active imaging,
member to balance the curl caused by the mismatch of the
thermal contraction coeflicient between the substrate and the
charge transport layer, resulting in greater charge transport
layer dimensional shrinkage than that of the substrate.
Although the application of an anticurl back coating is effec-
tive to counter and remove the curl, nonetheless the resulting
imaging member 1n flat configuration does tension the charge
transport layer creating an internal build-in strain of about
0.27% 1n the layer. The magnitude of CTL mternal build-in
strain 1s very undesirable, because 1t 1s additive to the induced
bending strain of an 1maging member belt as the belt bends
and flexes over each belt support roller during dynamic
fatigue belt cyclic motion under a normal machine electro-
photographic imaging function condition in the field. The
summation of the internal strain and the cumulative fatigue
bending strain sustained in the charge transport layer has been
found to exacerbate the early onset of charge transport layer
cracking, preventing the belt to reach 1ts targeted functional
imaging life. Moreover, imaging member belt employing an
anticurl backing coating has additional total belt thickness to
thereby increase charge transport layer bending strain as it
flexes over each belt support rollers and speed up belt cycling
fatigue charge transport layer cracking. The cracks formed 1n
the charge transport layer as a result of dynamic belt fatiguing,
are found to manifest themselves 1nto copy print-out defects,
which thereby adversely affect the image quality on the
receiving paper.

Curling has a further undesirable impact under a normal
imaging belt machine functioning condition, because differ-
ent segments of the imaging surface of the photoconductive
member are located at different distances from charging
devices, causing non-uniform charging for proper latent
image formation. Therefore, developer applicators and the
like, during the electrophotographic imaging process, may all
adversely affect the quality of the ultimate developed 1mages
in the printout copy. For example, non-uniform charging dis-
tances can manifest as variations 1n high background deposits
during development of electrostatic latent 1images near the
edges ol paper. Since the anticurl back coating 1s an outermost
exposed backing layer and has high surface contact friction
when 1t slides and flexes over the machine subsystems of the
belt support module, such as rollers, stationary belt guiding,
components, and backer bars, during dynamic belt cyclic
function, these mechanical sliding interactions against the
belt support module components not only exacerbate anticurl
back coating wear to lose 1ts anti-curling control capability to
result 1n 1maging member belt curling-up problem, 1t does
also generate ol debris/dirt which scatters and deposits on
critical machine components such as lenses, corona charging
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devices and the like, thereby adversely affecting machine
performance. Moreover, anticurl back coating abrasion/
scratch damage does also produce unbalance forces genera-
tion between the charge transport layer and the anticurl back
coating to cause micro belt ripples formation during electro-
photographic imaging processes, resulting in streak line print
defects 1n output copies to deleteriously impact image print-

out quality and shorten the imaging member belt functional
life.

Undesirably, high contact friction of the anticurl back coat-
ing against machine subsystems 1s further seen to cause the
development of tribo-electrostatic charge built-up problem.
In other machines the electrostatic charge builds up due to
contact friction between the anti-curl layer and the backer
bars increases the Iriction and thus requires higher torque to
pull the belts. In full color machines with 10 pitches this can
be extremely high due to large number of backer bars used. At
times, one has to use two drive rollers rather than one which
are to be coordinated electronically precisely to keep any
possibility of sagging. Static charge built-up 1n anticurl back
coating by irictional action on the anticurl back coating
increases belt drive torque, 1n some 1nstances, has also been
found to result 1n absolute belt stalling. In other cases, the
clectrostatic charge build up can be so high as to cause spark-
ng.

Another problem encountered 1n the conventional belt pho-
toreceptors using a bisphenol A polycarbonate anticurl back
coating that are extensively cycled 1n precision electrostato-
graphic 1maging machines utilizing belt supporting backer
bars, 1s an audible squeaky sound generated due to high
contact friction interaction between the anticurl back coating
and the backer bars. Further, cumulative deposition of anti-
curl back coating wear debris onto the backer bars may give
rise to undesirable defect print marks formed on copies
because each debris deposit become a surface protrusion
point on the backer bar and locally forces the imaging mem-
ber belt upwardly to interferes with the toner image develop-
ment process. On other occasions, the anticurl back coating
wear debris accumulation on the backer bars does gradually
increase the dynamic contact friction between these two inter-
acting surfaces of anticurl back coating and backer bar, inter-
fering with the duty cycle of the driving motor to a point
where the motor eventually stalls and belt cycling prema-
turely ceases. Additionally, 1t 1s important to point out that
clectrophotographic 1maging member belts prepared that
required anticurl back coating to provide tlatness have more
than above list of problems, they do indeed 1ncur additional
material and labor cost impact to imaging members’ produc-
tion process.

Thus, electrophotographic imaging members comprising a
supporting substrate, having a conductive surface on one side,
coated over with at least one photoconductive layer (such as
the outermost charge transport layer) and coated on the other
side of the supporting substrate with a conventional anticurl
back coating that does exhibit deficiencies which are unde-
sirable 1n advanced automatic, cyclic electrophotographic
imaging copiers, duplicators, and printers. While the above
mentioned electrophotographic 1maging members may be
suitable or limited for their intended purposes, further
improvement on these 1imaging members are required. For
example, there continues to be the need for improvements 1n
such systems, particularly for an imaging member belt that
has sutficiently flatness, nil or no wear debris, free of anticurl
back coating electrostatic charge build-up problem even in
larger printing apparatuses, and very importantly, cutting
imaging member production cost. With many of above men-
tioned shortcomings and problems associated with electro-
photographic imaging members having an anticurl back coat-
ing now understood, therefore there 1s an urgent need to
resolve these 1ssues through the development of a methodol-




US 9,017,907 B2

S

ogy for fabricating imaging members that allows the elimi-
nation an anticurl back coating to improve function that meets
future machine 1imaging member belt life extension need.

In the present disclosure, a charge transport layer material
reformulation method and material composition for making a
flexible 1maging member (having absolute flatness without
the need of an anticurl back coating and free of the mentioned
deficiencies) are described and demonstrated through the
external charge transport layer plasticization process. In
essence, charge transport layer external plasticization process
1s accomplished by 1ncorporation of a selected high boiler
liquad plasticizers to the charge transport layer composition to
reduce the internal stress/strain build-in in the layer for effec-

tive eflect curl control. Therefore, the resulting anticurl back
coating free imaging member belt, accordingly prepared, will
provide the benefit of 1maging member production cost cut-
ting result, suppressing the early onset of dynamic fatigue
charge transport layer cracking problems, eliminate the anti-
curl back coating associated i1ssues as well to effectively
extend the imaging member belt’s service life 1n the field.

The term charge transport layer external plasticization pro-
cess 1s defined that the plasticizer added into the material
matrix of the layer 1s only a physical mixing without being
chemically bound to either the charge transport compound
nor polymer binder, so the plasticizer provides the effect for
Tg reduction of the charge transport layer to suppress internal
stress/strain build-up in the layer. Since the plasticizer added
1s a physical mixing with the charge transport layer compo-
nents to etlect Tg reduction, therefore the external plasticiza-
tion process, differs from that of internal plasticization pro-
cess, because the plasticizer added 1s chemically bound to the
polymer binder 1n the layer to form a Tg lowering copolymer
containing polymer and plasticizer linkage through copoly-
merization reaction; References: Principles of Polymer Sys-
tems, by Ferdinand Rodriguesz, Taylor & Francis Publisher,
1996, pages 58 to 59; European Polymer Journal 44 (2008)
pages 366-373.

SUMMARY

According to embodiments illustrated herein, there 1s pro-
vided a tlexible 1maging member comprising: a flexible sub-
strate; a charge generating layer disposed on the substrate;
and at least one charge transport layer disposed on the charge
generating layer, wherein the charge transport layer com-
prises a polycarbonate, N,N'-diphenyl-N,N'-di(3-methylphe-
nyl)-1,1-biphenyl-4,4'-diamine, and a {first plasticizer or a
second plasticizer; wherein the first plasticizer having a For-
mula (I)

YCOOCR'=CR",

<// S

wheremnY 1s O or null, R'1s H or F,
and the second plasticizer having a Formula (1I)

R”3C[R”2C]HR”2COOCY4<_>7YCOOCR”Z[CR”z]HCR”3

whereinY 1s O ornull, R"1s Hor F, and n 1s from 1 to 6, and
turther wherein the first plasticizer and the second plasticizer
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are miscible with both the polycarbonate and N,N'-diphenyl-
N,N'-di(3-methylphenyl)-1,1-biphenyl-4,4'-diamine.

In particular, the present embodiments provide a flexible
imaging member comprising: a flexible substrate; a single
imaging layer disposed on the substrate, wherein the single
imaging layer disposed on the substrate has both charge gen-
cerating and charge transporting capability and the single
imaging layer comprises a polycarbonate, N,N'-diphenyl-IN,
N'-bis(3-methylphenyl)-1,1-biphenyl-4,4'-diamine, a charge
generating pigment, and a first plasticizer or a second plasti-
cizer, wherein the first plasticizer having a Formula (1)

YCOOCR'=CR/,

/ \ YCOOCR'=CR/,

wheremnY 1s O ornull, R'1s H or F,
and the second plasticizer having a Formula (II)

R”3C[R”ZC]HR”QCOOCY4</_\>7YCOOCR”Z[CR”Z]HCR”3

wheremnY 1s O ornull, R"1s Hor F, and n 1s from 1 to 6, and
turther wherein the first plasticizer and the second plasticizer
are miscible with both the polycarbonate and N,N'-diphenyl-
N,N'-di(3-methylphenyl)-1,1-biphenyl-4,4'-diamine.

In further embodiments, there 1s provided an image form-
ing apparatus for forming images on a recording medium
comprising: a) a tlexible imaging member having a charge
retentive-surface for receving an electrostatic latent image
thereon, wherein the 1imaging member comprises a tlexible
substrate; a charge generating layer disposed on the substrate;
and at least one charge transport layer disposed on the charge
generating layer, wherein the charge transport layer com-
prises a polycarbonate, N,N'-diphenyl-N,N'-d1(3-methylphe-
nyl)-1,1-biphenyl-4,4'-diamine, and a first plasticizer or a
second plasticizer; wherein the first plasticizer having a For-
mula (I)

YCOOCR'=CR/,

/ \ YCOOCR'=CR/,

wheremnY 1s O or null, R'1s H or F,
and the second plasticizer having a Formula (1I)

R”3C[R”2C]HR”2COOCY4</_\>7YCOOCR”Z[CR”Z]HCR”3

wheremnY 1s O ornull, R"1s Hor F, and n 1s from 1 to 6, and
turther wherein the first plasticizer and the second plasticizer
are miscible with both the polycarbonate and N,N'-diphenyl-
N,N'-di(3-methylphenyl)-1,1-biphenyl-4,4'-diamine; b) a
development component for applying a developer matenal to
the charge-retentive surface to develop the electrostatic latent
image to form a developed 1mage on the charge-retentive
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surface; ¢) a transfer component for transferring the devel-
oped 1mage from the charge-retentive surface to a copy sub-
strate; and a fusing component for fusing the developed
image to the copy substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present disclosure, refer-
ence may be made to the accompanying figures.

FIG. 1 1s a cross-sectional view of a flexible multilayered
clectrophotographic imaging member having the configura-
tion and structural design according to the conventional prior
art description;

FIG. 2A 1s a cross-sectional view of a structurally simpli-
fied flexible multilayered electrophotographic imaging mem-
ber having a plasticized single charge transport layer accord-
ing to an embodiment of the present disclosure;

FIG. 2B 1s a cross-sectional view of another structurally
simplified flexible multilayered electrophotographic imaging
member having a plasticized single charge transport layer
according to an embodiment of the present disclosure;

FI1G. 3 1s a cross-sectional view of yet another structurally
simplified flexible multilayered electrophotographic imaging
member having a plasticized single charge transport layer
according to an embodiment of the present disclosure;

FI1G. 4 15 a cross-sectional view of a structurally simplified
flexible multilayered electrophotographic imaging member
having plasticized dual charge transport layers according to
an embodiment of the present disclosure;

FI1G. 5 15 a cross-sectional view of a structurally simplified
flexible multilayered electrophotographic imaging member
having plasticized triple charge transport layers according to
an embodiment of the present disclosure;

FIG. 6 1s a cross-sectional view of a structurally simplified
flexible multilayered electrophotographic imaging member
having plasticized multiple charge transport layers according,
to an embodiment of the present disclosure; and

FIG. 7 1s a cross-sectional view of a structurally simplified
flexible multilayered electrophotographic imaging member
having a plasticized single charge generating/transporting

layer according to an alternative embodiment of the present
disclosure.

DETAILED DESCRIPTION

In the following description, reference 1s made to the
accompanying drawings, which form a part hereof and which
illustrate several embodiments. It 1s understood that other
embodiments may be utilized and structural and operational
changes may be made without departure from the scope of the
present embodiments.

According to aspects illustrated herein, there 1s provided an
ACBC free imaging member comprising a substrate, a charge
generating layer disposed on the substrate, and at least one
charge transport layer disposed on the charge generating
layer, wherein the charge transport layer comprises a poly-
carbonate, a charge transport compound of N,N'-diphenyl-IN,
N'-bis(3-methylphenyl)-1,1-biphenyl-4,4'-diamine, and a
liquid compound. The liquid compound 1s a plasticizer which
1s required that 1t; (a) has a high boiling point of at least 250°
C. to assure permanent presence in the layer, (b) 1s miscible
with both the polycarbonate and N,N'-diphenyl-N,N'-bis(3-
methylphenyl)-1,1-biphenyl-4,4'-diamine, and (c) 1s being
just a physically mixing to the charge transport layer compo-
nents for Tg depression effect without chemically reacting
nor bound with the polymer binder.
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In another embodiment, there 1s provided an ACBC free
imaging member comprising a substrate, and a single 1mag-
ing layer disposed on the substrate, wherein the single imag-
ing layer disposed on the substrate has both charge generating
and charge transporting capability and further wherein the
single imaging layer comprises a polycarbonate, N,N'-diphe-
nyl-N,N'-bis(3-methylphenyl)-1,1-biphenyl-4,4'-diamine, a
charge generating pigment, and a liquid plasticizer physically
mixed with both the polycarbonate and N,N'-diphenyl-IN,N'-
bis(3-methylphenyl)-1,1-biphenyl-4,4'-diamine to form a
plasticized charge transport layer.

In yet a further embodiment, there 1s provided an ACBC
free 1maging member comprising a substrate, a charge gen-
erating layer disposed on the substrate, and at least one charge
transport layer disposed on the charge generating layer,
wherein the charge transport layer comprises a polycarbon-
ate, a charge transport compound of N,N'-diphenyl-IN,N'-bis
(3-methylphenyl)-1,1-biphenyl-4,4'-diamine, and a liquid
plasticizer physically mixed with both the polycarbonate and
N,N'-diphenyl-N,N'-bis(3-methylphenyl)-1,1-biphenyl-4.4'-
diamine to form a plasticized charge transport layer, and give
an ACBC free imaging member having a diameter of curva-
ture of about 25 1inches or more.

To achieve the intended charge transport layer plasticizing,
result for effecting the elimination of an anticurl back coating,
the charge transport layer 1s formulated to have reduced or
minima internal build-in strain by incorporation of a liquid
plasticizer of the present disclosure. The disclosed plasticizer

may include high boiler liquid of di-vinyl phthalates and
phenylene bis(vinyl carbonate) liquids of any of the following
compounds, alone or 1n combinations, according to the gen-
eral molecular formula (I) representation shown below:

Formula (I)
YCOOCR'=CR/,

/ \ YCOOCR'=CR/,

wheremnY 1s O ornull, R'1s H or F.

Di1-Vinyl Terephthalate Liquids

The vinyl phthalate liquid, derived from Formula (I) and
used for charge transport layer plasticizing in the embodi-
ments, 1s a di-vinyl terephthalate and has the following For-
mula (Ia) structure of:

Formula (Ia)

/ \

R’>C=R'COOCY YCOOCR'=CR/

wheremnY 1s null, R'1s H or F.

In specific embodiments, the di-vinyl terephthalate liquad
1s selected from one of the group consisting of following
structures of Formulas (A) and (B):

Formula (A)

H,C=HCOOC 4{ >7 COOCH=—=CH,
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-continued

F,C=FCOOC 4</ >7 COOCF=CL,

Phenylene Bis(Vinyl Carbonate) Liquids
For formula (Ia), wherein Y 1s O and R'1s H or F, the
plasticizer liquid becomes a p-phenylene bis(vinyl carbonate)

and has structural Formulas of (C) and (D):

Formula (B)

Formula (C)
H2C=HCOOC04</_>— OCOOCH=CH,
Formula (D)

F2C=FCOOC04©7 OCOOCF—CF,

For an alternate liquid plasticizer selected for disclosure
application, i1t 1s a di-vinyl phthalate which has a general
structural of Formula (Ib):

Formula (Ib)
YCOOCR'=CR/,

/
</ \>7YCOOCR’=CR’2

whereinY 1s O ornull, R'1s H or F.
Di1-Vinyl Phthalate Liquids

In another specific embodiments, the di-vinyl phthalate
liquid selected for plasticization (wherem Y 1s Y 1s null, R' 1s
H or F in Formula (Ib)) includes any one or mixtures of the

following Formulas (E) and (F),

Formula (E)
COOCH=—=CH,
B
/ COOCH=—=CH,
Formula (F)
COOCEF=—=CF>
B
7 COOCF==CF,

Phenylene Bis(Vinyl Carbonate) Liquids

For Formula (Ib), wherein Y 1s O and R' 1s H or F, the
plasticizer liquid has become an o-phenylene bis(vinyl car-
bonate) and has structural Formulas (G) and (H) of the fol-
lowing;:

Formula (G)
OCOOCH=—=CH,

X"

N

OCOOCH=CH,
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-continued

Formula (H)
OCOOCF=—=CF,

\

R
N

/

OCOOCEF=CF,

For yet another alternate liquid plasticizer included for
charge transport layer incorporation, it 1s a variance ol For-
mula (Ib) plasticizer described above, 1n which the two func-
tional groups are re-arranged to the 1, 3 positions attachment
ol benzene and give a general Formula (Ic) of below structure:

Formula (Ic)

R'»C=R'COOCY

\
</ \>—YCOOCR*:c1{’2

whereinY 1s O ornull, R"'1s H or F.

Di1-Vinyl Phthalate Liquids

In still yet another specific embodiments, the phthalate
liquid 1s a di-vinyl 1sophthalate (wherein v 1s null, R'1s H or
F of Formula (Ic)) which includes any one or mixtures of the
tollowing Formulas (J) and (K)

Formula (J)
COOCH=—=CH,
»
2 coocH=cH,
Formula (K)
COOCF=—=CF,

)~

\COOCF=CF2

<\

m-Phenylene Bis(Vinyl Carbonate) Liquids

For formula (Ic), wherein Y 1s O and R' 1s H or F, the
plasticizer liquid has become a m-phenylene bis(vinyl car-
bonate) and has structural Formulas (L) and (M) of the fol-

lowing;:

Formula (L)
OCOOCH=—=CH,
‘)\
\/\OCOOCH=CH2
Formula (M)

OCOOCF=CF,

X
F

OCOOCEF=CF»

For still yet another alternate liquid plasticizer included for
charge transport layer incorporation, 1t may have a molecular
structure of Formula (1I):
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Formula (II)

/ \

R";C[R"5C],R">COOCY YCOOCR",[CR",],CR";

wheremn Y 1s O or null, R" 1s H or F, and each n 1s indepen-

dently from 1 to 6.
The Alkyl Phthalate Liquid

For formula (II), wherein v 1s null, R" 1s H or F, and n 1s
from 1 to 6, the plasticizer of Formula (11) 1s a dialkyl tereph-
thalate liquid and has a molecular structure of Formulas (N)

and (O):

Formula (N)

H,;C[H,C], H,COOC OCOOCHE[CHE]HCH3

Formula (O)
7\

F;3C[F,C],F,COOC COOCF,[CF>],CF;

p-Phenylene Bis( Alkyl Carbonate) Liquids

For formula (II), wheremn vy 1s O, R" 1s H or F, and each n 1s
independently from 1 to 6, the plasticizer liquid has become a
p-phenylene bis(alkyl carbonate) and has structural Formulas

(P) and (Q) of the following;:

Formula (P)

HgC[HgC]HH2COOCOA</ \>—OCOOCH2[CH2]HCH3

Formula (Q)

FgC[FEC]HFECOOCO—</ \>—OCOOCFZ[CF2]HCF3

Other Plasticizing Compounds

Other plasticizing compounds capable for plasticizing the
charge transport layer include bis-2-ethylhexyl ester, diethyl
sebacate, tris(2-ethylhexyl)phosphate, bis(2-butoxyethyl)
phthalate, tris(2-ethylhexyl)trimellitate, tibenzyl ether, dode-
cyl[2-(trifluoromethyl)|phenyl, tributyl phosphate, and dicy-
clohexyl phthalate.

The benefit of utilizing the modified plasticizing liquids to
contain fluorinated molecular structures of Formulas (B),
(D), (F), (H), (K), (M), (O), and (Q) for charge transport layer
incorporation provide not only the intended plasticizing
elfect, but also render the resulting charge transport layer with
surface lubricity to ease 1imaging member belt cleaning as
well as toner image transier to receiving papers during elec-
trophotographic imaging and cleaning processes,

The selection of a di-vinyl phthalate, a dialkyl phthalate,
other plasticizing compounds, or a mixture thereof for imag-
ing member charge transport layer plasticizing application 1s
based on the facts that they are: (a) high boiler liquids with
boiling point exceeding 2350° C. so their presence in the
charge transport layer to effect plasticizing outcome will be
permanent; (b) liquids totally miscible/compatible with both
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the charge transporting compound and the polymer binder
such that their incorporation 1nto the charge transport layer
material matrix should cause no deleterious photoelectrical
function of the resulting imaging member; and (¢) providing
external plasticization result so that the plasticizer liquid 1s
present as physical mixing to lower the Tg of the charge
transport layer for effecting imaging member curl control.

In one specific embodiment, the plasticized charge trans-
port layer 1s providing a structurally simplified and substan-
tially flat anticurl back coating free imaging member configu-
ration that comprises substrate, a conductive ground plane, a
hole blocking layer, a charge generation layer, and an outer-
most charge transport layer comprising a polycarbonate
binder, charge transporting molecules, and a liquid dially
(para) phthalate of Formula A.

In another specific embodiment, 1t 1s provided a structur-
ally simplified and substantially anticurl back coating free
imaging member comprising a flexible 1imaging member
comprising a substrate, a conductive ground plane, a hole
blocking layer, a charge generatlon layer, and an outermost
charge transport layer comprising a polycarbonate binder,
charge transporting molecules, and a liquid alkyl phthalate.

The alkyl phthalate liquid 1s dloctyl terephthalate of Formula
(P-8).

Formula (P-8)

H3C(H2C)?OOC4</ >7COO(CH2)?CH3

In yet another specific embodiment, 1t 1s provided a sub-
stantially curl-free 1maging member comprising a flexible
imaging member comprising a substrate, a conductive ground
plane, a hole blocking layer, a charge generation layer, and an
outermost charge transport layer comprising a polycarbonate
binder, charge transporting molecules, a mixture of liquid
di-vinyl phthalate of Formula (E) and liquid dioctyl tereph-
thalate of Formula (P-8).

An exemplary embodiment of a conventional negatively
charged flexible electrophotographic imaging member of
prior art disclosure 1s illustrated in FIG. 1. The substrate 10
has an optional conductive layer 12. An optional hole block-
ing layer 14 disposed onto the conductive layer 12 1s coated
over with an optional adhesive layer 16. The charge generat-
ing layer 18 1s located between the adhesive layer 16 and the
charge transport layer 20. An optional ground strip layer 19
operatively connects the charge generating layer 18 and the
charge transport layer 20 to the conductive ground plane 12,
and an optional overcoat layer 32 1s applied over the charge
transport layer 20. An anti-curl backing layer 1 1s applied to
the side of the substrate 10 opposite from the electrically
active layers to render 1imaging member flatness.

The layers of the imaging member include, for example, an
optional ground strip layer 19 that 1s applied to one edge of the
imaging member to promote electrical continuity with the
conductive ground plane 12 through the hole blocking layer
14. The conductive ground plane 12, which 1s typically a thin
metallic layer, for example a 10 nanometer thick titanium
coating, may be deposited over the substrate 10 by vacuum
deposition or sputtering process. The other layers 14, 16, 18,
20 and 43 are to be separately and sequentially deposited,
onto to the surface of conductive ground plane 12 of substrate
10 respectively, as wet coating layer of solutions comprising,
a solvent, with each layer being dried before deposition of the
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next subsequent one. An anticurl back coating layer 1 may
then be formed on the backside of the support substrate 1. The
anticurl back coating 1 1s also solution coated, but 1s applied
to the back side (the side opposite to all the other layers) of
substrate 1, to render 1imaging member flatness.

The Substrate

The imaging member support substrate 10 may be opaque
or substantially transparent, and may comprise any suitable
organic or inorganic material having the requisite mechanical
properties. The entire substrate can comprise the same mate-
rial as that in the electrically conductive surface, or the elec-
trically conductive surface can be merely a coating on the
substrate. Any suitable electrically conductive material can
be employed. Typical electrically conductive materials
include copper, brass, nickel, zinc, chromium, stainless steel,
conductive plastics and rubbers, aluminum, semitransparent
aluminum, steel, cadmium, silver, gold, zirconium, niobium,
tantalum, vanadium, hatnium, titanium, nickel, chromium,
tungsten, molybdenum, paper rendered conductive by the
inclusion of a suitable material therein or through condition-
ing in a humid atmosphere to ensure the presence of sufficient
water content to render the material conductive, indium, tin,
metal oxides, including tin oxide and indium tin oxide, and
the like. It could be single metallic compound or dual layers
of different metals and or oxides.

The support substrate 10 can also be formulated entirely of
an electrically conductive matenal, or it can be an insulating
material including morganic or organic polymeric maternials,
such as, MYLAR, a commercially available biaxially ori-
ented polyethylene paraphthalate from DuPont, or polyeth-
ylene naphthalate (PEN) available as KALEDEX 2000, with
a ground plane layer comprising a conductive titamium or
titanium/zirconium coating, otherwise a layer of an organic or
inorganic material having a semiconductive surface layer,
such as indium tin oxide, aluminum, titanium, and the like, or
exclusively be made up of a conductive material such as,
aluminum, chromium, nickel, brass, other metals and the like.
The thickness of the support substrate depends on numerous
factors, including mechanical performance and economic
considerations. The substrate may have a number of many
different configurations, such as, for example, a plate, a drum,
a scroll, an endless flexible belt, and the like. In one embodi-
ment, the substrate 1s 1n the form of a seamed flexible belt.

The thickness of the support substrate 10 depends on
numerous factors, imncluding flexibility, mechanical perfor-
mance, and economic considerations. The thickness of the
support substrate may range from about 50 micrometers to
about 3,000 micrometers. In embodiments of flexible imag-
ing member belt preparation, the thickness of substrate used
1s from about 50 micrometers to about 200 micrometers for
achieving optimum flexibility and to effect tolerable induced
imaging member belt surface bending stress/strain when a
belt 1s cycled around small diameter rollers 1n a machine belt
support module, for example, the 19 millimeter diameter
rollers.

An exemplary functioning support substrate 10 1s not
soluble 1n any of the solvents used i1n each coating layer
solution, has good optical transparency, and 1s thermally
stable up to a high temperature of at least 150° C. A typical
support substrate 10 used for imaging member fabrication has
a thermal contraction coefficient ranging from about 1x107>°
C. to about 3x107°° C. and a Young’s Modulus of between
about 5x107 psi (3.5x107* Kg/cm?2) and about 7x107 psi
(4.9x107* Kg/cm?).

The Conductive Ground Plane

The conductive ground plane layer 12 may vary 1n thick-
ness depending on the optical transparency and flexibility
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desired for the electrophotographic imaging member. For a
typical flexible imaging member belt, 1t 1s desired that the
thickness of the conductive ground plane 12 on the support
substrate 10, for example, a titanium and/or zirconium con-
ductive layer produced by a sputtered deposition process, 1s 1n
the range of from about 2 nanometers to about 75 nanometers
to effect adequate light transmission through for proper back
erase. In particular embodiments, the range 1s from about 10
nanometers to about 20 nanometers to provide optimum com-
bination of electrical conductivity, flexibility, and light trans-
mission. For electrophotographic imaging process employ-
ing back exposure erase approach, a conductive ground plane
light transparency of at least about 15 percent 1s generally
desirable. The conductive ground plane need 1s not limited to
metals. Nonetheless, the conductive ground plane 12 has
usually been an electrically conductive metal layer which
may be formed, for example, on the substrate by any suitable
coating technique, such as a vacuum depositing or sputtering
technique. Typical metals suitable for use as conductive
ground plane include aluminum, zirconium, niobium, tanta-
lum, vanadium, hafnium, titanium, nickel, stainless steel,
chromium, tungsten, molybdenum, combinations thereof,
and the like. Other examples of conductive ground plane 12
may be combinations of materials such as conductive indium
tin oxide as a transparent layer for light having a wavelength
between about 4000 Angstroms and about 9000 Angstroms or
a conductive carbon black dispersed 1n a plastic binder as an
opaque conductive layer. However, i the event where the
entire substrate 1s chosen to be an electrically conductive
metal, such as in the case that the electrophotographic imag-
ing process designed to use front exposure erase, the outer
surface thereof can perform the function of an electrically
conductive ground plane so that a separate electrical conduc-

tive layer 12 may be omitted.

For the reason of convenience, all the 1llustrated embodi-
ments herein aiter will be described 1n terms of a substrate
layer 10 comprising an insulating material including organic
polymeric materials, such as, MYLAR or PEN having a con-
ductive ground plane 12 comprising of an electrically con-
ductive material, such as titanium or titanium/zirconium,
coating over the support substrate 10.

The Hole Blocking Laver

A hole blocking layer 14 may then be applied to the con-
ductive ground plane 12 of the support substrate 10. Any
suitable positive charge (hole) blocking layer capable of
forming an effective barrier to the injection of holes from the
adjacent conductive layer 12 into the overlaying photocon-
ductive or photogenerating layer may be utilized. The charge
(hole) blocking layer may include polymers, such as, polyvi-
nylbutyral, epoxy resins, polyesters, polysiloxanes, polya-
mides, polyurethanes, HEMA, hydroxylpropyl cellulose,
polyphosphazine, and the like, or may comprise nitrogen
containing siloxanes or silanes, or nitrogen containing tita-
nium or zirconium compounds, such as, titanate and zircon-
ate. The hole blocking layer 14 may have a thickness 1n wide
range of from about 5 nanometers to about 10 micrometers
depending on the type of material chosen for use in a photo-
receptor design. Typical hole blocking layer materials
include, for example, trimethoxysilyl propylene diamine,
hydrolyzed trimethoxysilyl propyl ethylene diamine, N-beta-
(aminoethyl) gamma-aminopropyl trimethoxy silane, 1sopro-
pyl 4-aminobenzene sulfonyl di(dodecylbenzene sulfonyl)
titanate, 1sopropyl di(4-aminobenzoyl)isostearoyl titanate,
1sopropyl tri{N-ethylaminoethylamino)titanate, 1sopropyl tri-
anthranil titanate, 1sopropyl tri(N,N-dimethylethylamino)ti-
tanate, titanium-4-amino benzene sulfonate oxyacetate, tita-
nium 4-aminobenzoate 1sostearate oxyacetate, (gamma-
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aminobutyl) methyl diethoxysilane which has the formula
|H.N(CH,),|]CH,S1(OCH,),, and (gamma-aminopropyl)
methyl diethoxysilane, which has the formula [H,N(CH, );]
CH;S1(OCH,;),, and combinations thereof, as disclosed, for
example, 1n U.S. Pat. Nos. 4,338,387; 4,286,033; and 4,291,

110, mncorporated herein by reference 1n their entireties. A
specific hole blocking layer comprises a reaction product
between a hydrolyzed silane or mixture of hydrolyzed silanes
and the oxidized surface of a metal ground plane layer. The
oxidized surface inherently forms on the outer surface of most
metal ground plane layers when exposed to air after deposi-
tion. This combination enhances electrical stability at low

RH. Other suitable charge blocking layer polymer composi-
tions are also described 1in U.S. Pat. No. 5,244,762 which 1s

incorporated herein by reference 1n its entirety. These include
vinyl hydroxyl ester and vinyl hydroxy amide polymers
wherein the hydroxyl groups have been partially modified to
benzoate and acetate esters which modified polymers are then
blended with other unmodified vinyl hydroxy ester and amide
unmodified polymers. An example of such a blend 1s a 30
mole percent benzoate ester of poly(2-hydroxyethyl meth-
acrylate) blended with the parent polymer poly(2-hydroxy-
cthyl methacrylate). Still other suitable charge blocking layer
polymer compositions are described 1n U.S. Pat. No. 4,988,
597, which 1s incorporated herein by reference 1n its entirety.
These include polymers containing an alkyl acrylamidogly-
colate alkyl ether repeat unit. An example of such an alkyl
acrylamidoglycolate alkyl ether containing polymer 1s the
copolymer poly(methyl acrylamidoglycolate methyl ether-
co-2-hydroxyethyl methacrylate). The disclosures of these
U.S. patents are incorporated herein by reference in their
entireties.

The hole blocking layer 14 can be continuous or substan-
tially continuous and may have a thickness of less than about
10 micrometers because greater thicknesses may lead to
undesirably high residual voltage. In aspects of the exemplary
embodiment, a blocking layer of from about 0.005 microme-
ters to about 2 micrometers gives optimum electrical pertfor-
mance. The blocking layer may be applied by any suitable
conventional technique, such as, spraying, dip coating, draw
bar coating, gravure coating, silk screening, air knife coating,
reverse roll coating, vacuum deposition, chemical treatment,
and the like. For convenience 1n obtaining thin layers, the
blocking layer may be applied 1n the form of a dilute solution,
with the solvent being removed after deposition of the coating
by conventional techniques, such as, by vacuum, heating, and
the like. Generally, a weight ratio of blocking layer material
and solvent of between about 0.05:100 to about 5:100 1s
satisfactory for spray coating.

The Adhesive Interface Layer

An optional separate adhesive interface layer 16 may be
provided. In the embodiment 1llustrated in FIG. 1, an inter-
face layer 16 1s situated intermediate the blocking layer 14
and the charge generator layer 18. The adhesive interface
layer 16 may include a copolyester resin. Exemplary polyes-
ter resins which may be utilized for the interface layer include
polyarylatepolyvinylbutyrals, such as ARDEL POLYARY-
LATE (U-100) commercially available from Toyota Hsutsu
Inc., VITEL PE-1200, VITEL PE-2200, VITEL PE-2200D,
and VITEL PE-2222, all from Bostik, 49,000 polyester from
Rohm Hass, polyvinyl butyral, and the like. The adhesive
interface layer 16 may be applied directly to the hole blocking
layer 14. Thus, the adhesive interface layer 16 1n embodi-
ments 1s 1n direct contiguous contact with both the underlying,
hole blocking layer 14 and the overlying charge generator
layer 18 to enhance adhesion bonding to provide linkage.
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However, 1n some alternative electrophotographic imaging
member designs, the adhesive interface layer 16 1s entirely
omitted.

Any suitable solvent or solvent mixtures may be employed
to form a coating solution of the polyester for the adhesive
interface layer 36. Typical solvents include tetrahydrofuran,
toluene, monochlorbenzene, methylene chlonide, cyclohex-
anone, and the like, and mixtures thereof. Any other suitable
and conventional technique may be used to mix and thereafter
apply the adhesive layer coating mixture to the hole blocking
layer. Typical application techniques include spraying, dip
coating, roll coating, wire wound rod coating, and the like.
Drying of the deposited wet coating may be etfected by any
suitable conventional process, such as oven drying, inira red
radiation drying, air drying, and the like.

The adhesive interface layer 16 may have a thickness of
from about 0.01 micrometers to about 900 micrometers after
drying. In embodiments, the dried thickness 1s from about
0.03 micrometers to about 1 micrometer.

The Charge Generating Layer

The photogenerating (e.g., charge generating) layer 18
may thereafter be applied to the adhesive layer 16. Any suit-
able charge generating binder layer 18 including a photoge-
nerating/photoconductive material, which may be in the form
of particles and dispersed 1n a film forming binder, such as an
inactive resin, may be utilized. Examples of photogenerating
materials include, for example, norganic photoconductive
maternials such as amorphous selenium, trigonal selenium,
and selenium alloys selected from the group consisting of
selentum-tellurium, selenium-tellurium-arsenic, selenium
arsenide and mixtures thereof, and organic photoconductive
materials including various phthalocyanine pigments such as
the X-form of metal free phthalocyanine, metal phthalocya-
nines such as vanadyl phthalocyanine and copper phthalocya-
nine, hydroxy gallium phthalocyanines, chlorogallium phtha-
locyanines, titanyl phthalocyamnes, quinacridones, dibromo
anthanthrone pigments, benzimidazole perylene, substituted
2.4-diamino-triazines, polynuclear aromatic quinones, and
the like dispersed 1n a film forming polymeric binder. Sele-
nium, selenium alloy, benzimidazole perylene, and the like
and mixtures thereol may be formed as a continuous, homo-
geneous photogenerating layer. Benzimidazole perylene
compositions are well known and described, for example, 1n
U.S. Pat. No. 4,587,189, the entire disclosure thereof being
incorporated herein by reference. Multi-photogenerating
layer compositions may be utilized where a photoconductive
layer enhances or reduces the properties of the photogener-
ating layer. Other suitable photogenerating materials known
in the art may also be utilized, 11 desired. The photogenerating
materials selected should be sensitive to activating radiation
having a wavelength between about 400 and about 900 nm
during the imagewise radiation exposure step 1n an electro-
photographic 1imaging process to form an electrostatic latent
image. For example, hydroxygallium phthalocyanine absorbs
light of a wavelength of from about 370 to about 950 nanom-
eters, as disclosed, for example, mn U.S. Pat. No. 5,756,245,

Any suitable inactive resin materials may be employed as a
binder in the photogenerating layer 18, including those
described, for example, 1n U.S. Pat. No. 3,121,006, the entire
disclosure thereof being incorporated herein by reference.
Typical organic resinous binders include thermoplastic and
thermosetting resins such as one or more of polycarbonates,
polyesters, polyamides, polyurethanes, polystyrenes, pol-
yarylethers, polyarylsuliones, polybutadienes, polysuliones,
polyethersuliones, polyethylenes, polypropylenes, polyim-
ides, polymethylpentenes, polyphenylene sulfides, polyvinyl
butyral, polyvinyl acetate, polysiloxanes, polyacrylates,
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polyvinyl acetals, polyamides, polyimides, amino resins,
phenylene oxide resins, paraphthalic acid resins, epoxy res-
ins, phenolic resins, polystyrene and acrylonitrile copoly-
mers, polyvinylchloride, vinylchloride and vinyl acetate
copolymers, acrylate copolymers, alkyd resins, cellulosic
film formers, poly(amideimide), styrene-butadiene copoly-
mers, vinylidenechloride/vinylchloride copolymers, vinylac-

ctate/vinylidene chloride copolymers, styrene-alkyd resins,
and the like.

An exemplary film forming polymer binder 1s PCZ-400
(poly(4,4'-dihydroxy-diphenyl-1-1-cyclohexane) which has
a MW=40,000 and 1s available from Mitsubishi Gas Chemi-
cal Corporation.

The photogenerating material can be present 1n the resin-
ous binder composition 1n various amounts. Generally, from
about 5 percent by volume to about 90 percent by volume of
the photogenerating material 1s dispersed 1n about 10 percent
by volume to about 95 percent by volume of the resinous
binder, and more specifically from about 20 percent by vol-
ume to about 30 percent by volume of the photo generating
material 1s dispersed 1n about 70 percent by volume to about
80 percent by volume of the resinous binder composition.

The photogenerating layer 18 containing the photogener-
ating material and the resinous binder material generally
ranges 1n thickness of from about 0.1 micrometer to about 5
micrometers, for example, from about 0.3 micrometers to
about 3 micrometers when dry. The photogenerating layer
thickness 1s generally related to binder content. Higher binder
content compositions generally employ thicker layers for
photogeneration.

The Ground Strip Layer

Other layers such as conventional ground strip layer 19
including, for example, conductive particles dispersed 1n a
film forming binder may be applied to one edge of the 1mag-
ing member to promote electrical continuity with the conduc-
tive ground plane 12 through the hole blocking layer 14.
Ground strip layer may include any suitable film forming
polymer binder and electrically conductive particles. Typical
ground strip materials include those enumerated 1n U.S. Pat.
No. 4,664,995, the entire disclosure of which 1s incorporated
by reference herein. The ground strip layer 19 may have a
thickness from about 7 micrometers to about 42 micrometers,
for example, from about 14 micrometers to about 23
micrometers.

The Charge Transport Layer

The charge transport layer 20 1s thereafter applied over the
charge generating layer 18 and become, as shown in FIG. 1,
the exposed outermost layer of the imaging member. It may
include any suitable transparent organic polymer or non-
polymeric material capable of supporting the injection of
photogenerated holes or electrons from the charge generating,
layer 18 and capable of allowing the transport of these holes/
clectrons through the charge transport layer to selectively
discharge the surface charge on the imaging member surface.
In one embodiment, the charge transport layer 20 not only
serves to transport holes, but also protects the charge gener-
ating layer 18 from abrasion or chemical attack and may
therefore extend the service life of the imaging member. The
charge transport layer 20 can be a substantially non-photo-
conductive material, but one which supports the mjection of
photogenerated holes from the charge generation layer 18.
The charge transport layer 20 1s normally transparent 1n a
wavelength region 1n which the electrophotographic imaging,
member 15 to be used when exposure 1s effected therethrough
to ensure that most of the incident radiation 1s utilized by the
underlying charge generating layer 18. The charge transport
layer should exhibit excellent optical transparency with neg-
ligible light absorption and neither charge generation nor
discharge 1f any, when exposed to a wavelength of light useful
in xerography, e.g., 400 to 900 nanometers. In the case when
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the imaging member 1s prepared with the use of a transparent
support substrate 10 and also a transparent conductive ground
plane 12, image wise exposure or erase may be accomplished
through the substrate 10 with all light passing through the
back side of the support substrate 10. In this particular case,
the materials of the charge transport layer 20 need not have to
be able to transmit light 1n the wavelength region of use for

clectrophotographic imaging processes 11 the charge generat-
ing layer 18 1s sandwiched between the support substrate 10

and the charge transport layer 20. In all events, the exposed
outermost charge transport layer 20 1n conjunction with the
charge generating layer 18 1s an 1insulator to the extent that an
clectrostatic charge deposited/placed over the charge trans-
port layer 1s not conducted 1n the absence of radiant 11lumi-
nation. Importantly, the charge transport layer 20 should trap
minimal or no charges as the charge pass through 1t during the
image copying/printing process.

The charge transport layer 20 may include any suitable
charge transport component or activating compound usetul as
an additive molecularly dispersed 1n an electrically 1nactive
polymeric material to form a solid solution and thereby mak-
ing this material electrically active. The charge transport
component may be added to a film forming polymeric mate-
rial which 1s otherwise incapable of supporting the injection
of photo generated holes from the generation material and
incapable of allowing the transport of these holes there
through. This converts the electrically inactive polymeric
material to a material capable of supporting the mjection of
photogenerated holes from the charge generation layer 18 and
capable of allowing the transport of these holes through the
charge transport layer 20 1n order to discharge the surface
charge on the charge transport layer. The charge transport
component typically comprises small molecules of an
organic compound which cooperate to transport charge
between molecules and ultimately to the surface of the charge
transport layer.

Any suitable nactive resin binder soluble 1n methylene
chloride, chlorobenzene, or other suitable solvent may be
employed 1n the charge transport layer. Exemplary binders
include polyesters, polyvinyl butyrals, polycarbonates, poly-
styrene, polyvinyl formals, and combinations thereof. The
polymer binder used for the charge transport layers may be,
for example, selected from the group consisting of polycar-
bonates, poly(vinyl carbazole), polystyrene, polyester, pol-
yarylate, polyacrylate, polyether, polysulione, combinations
thereol, and the like. Exemplary polycarbonates include poly
(4,4'-1sopropylidene diphenyl carbonate), poly(4,4'-diphe-
nyl-1,1'-cyclohexane carbonate), and combinations thereof.
The molecular weight of the polymer binder used in the
charge transport layer can be, for example, from about 20,000
to about 1,500,000.

Exemplary charge transport components include aromatic
polyamines, such as aryl diamines and aryl triamines. Exem-
plary aromatic diamines include N,N'-diphenyl-N,N'-bis
(alkylphenyl)-1,1'-biphenyl-4,4-diamines, such as mTBD,
which has the formula (N,N'-diphenyl-N,N'-bis|3-meth-
ylphenyl]-[1,1'-biphenyl]-4,4'-diamine); N,N'-diphenyl-N,
N'-bis(chlorophenyl)-1,1'-biphenyl-4,4'-diamine, and N,N'-
bis-(4-methylphenyl)-N,N'-bis(4-ethylphenyl)-1,1'-3,3'-
dimethylbiphenyl)-4.4'-diamine (Ae-16), N,N'-bis-(3,4-
dimethylphenyl)-4.4'-biphenyl  amine  (Ae-18), and
combinations thereof.

Other suitable charge transport components include pyra-
zolines, such as 1-[lepidyl-(2)]-3-(p-diethylaminophenyl)-5-
(p-diethylaminophenyl)pyrazoline, as described, for
example, in U.S. Pat. Nos. 4,315,982, 4,278,746, 3,837,851,
and 6,214,514, substituted fluorene charge transport mol-
ecules, such as 9-(4'-dimethylaminobenzylidene)fluorene, as
described 1n U.S. Pat. Nos. 4,245,021 and 6,214,514, oxadia-

zole transport molecules, such as 2,5-bis(4-diethylaminophe-
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nyl)-1,3,4-oxadiazole, pyrazoline, imidazole, triazole, as
described, for example 1n U.S. Pat. No. 3,895,944, hydra-
zones, such as p-diethylaminobenzaldehyde (diphenylhydra-
zone), as described, for example 1n U.S. Pat. Nos. 4,150,987
4,256,821, 4,297,426, 4,338,388, 4,385,106, 4,387,147,
4,399,207, 4,399,208, 6,214,514, and tri-substituted meth-
anes, such as alkyl-bis(N,N-dialkylaminoaryl) methanes, as
described, for example, 1n U.S. Pat. No. 3,820,989. The dis-
closures of all of these patents are incorporated herein by

reference 1n their entireties.
The concentration of the charge transport component in

layer 20 may be, for example, at least about 5 weight % and
may comprise up to about 60 weight %. The concentration or
composition of the charge transport component may vary
through layer 20, as disclosed, for example, 1n U.S. Pat. No.
7,033,714; U.S. Pat. No. 6,933,089; and U.S. Pat. No. 7,018,
756, the disclosures of which are incorporated herein by
reference in their entireties.

In one exemplary embodiment, charge transport layer 20
comprises an average of about 10 to about 60 weight percent
N,N'-diphenyl-N,N'-bis(3-methylphenyl)-1,1'-biphenyl-4,
4'-diamine, or from about 30 to about 50 weight percent
N,N'-diphenyl-N,N'-bis(3-methylphenyl)-1,1'-biphenyl-4,
4'-diamine.

The charge transport layer 20 1s an 1nsulator to the extent
that the electrostatic charge placed on the charge transport
layer 1s not conducted 1n the absence of illumination at a rate
suificient to prevent formation and retention of an electro-
static latent image thereon. In general, the ratio of the thick-
ness of the charge transport layer 20 to the charge generator
layer 18 1s maintained from about 2:1 to about 200:1 and 1n
some 1nstances as great as about 400:1.

Additional aspects relate to the inclusion in the charge
transport layer 20 of variable amounts of an antioxidant, such
as a hindered phenol. Exemplary hindered phenols include
octadecyl-3,5-di-tert-butyl-4-hydroxyhydrociannamate,
available as IRGANOX 1-1010 from Ciba Specialty Chemi-
cals. The hindered phenol may be present at about 10 weight
percent based on the concentration of the charge transport
component. Other suitable antioxidants are described, for
example, 1n above-mentioned U.S. application Ser. No.
10/655,882 incorporated by reference.

In one specific embodiment, the charge transport layer 20
1s a solid solution including a charge transport component,
such as N,N'-diphenyl-N,N'-b1s(3-methylphenyl)-1,1'-biphe-
nyl-4,4'-diamine, molecularly dissolved in a polycarbonate
binder, the binder being either a Bisphenol A polycarbonate
of poly(4,4'-1sopropylidene diphenyl carbonate) or a poly(4,
4'-diphenyl-1,1'-cyclohexane carbonate). The Bisphenol A
polycarbonate used for typical charge transport layer formu-
lation 1s FPC 170 which 1s commercially available from Mit-
subish1 Chemicals and has a molecular weight of about 120,
000. The molecular structure of Bisphenol A polycarbonate,
poly(4,4'-1sopropylidene diphenyl carbonate), 1s given in For-
mula (A) below:

O

-O+O—"~

wherein n indicates the degree of polymerization. In the alter-
native, poly(4,4'-diphenyl-1,1'-cyclohexane carbonate), also
available from Mitsubishi Chemicals, may also be used for
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the charge transport layer binder application 1n place of FPC
1’70. The molecular structure of poly(4,4'-diphenyl-1,1'-cy-
clohexane carbonate), having a weight average molecular

weight of about between about 20,000 and about 200,000, 1s
given 1n Formula (B) below:
O

-Or~O-

wherein n indicates the degree of polymerization.
The charge transport layer 20 may have a Young’s Modulus
in the range of from about 2.5x10-3 ps1 (1.7x10-4 Kg/cm?2) to
about 4.5x10-5 ps1 (3.2x10-4 Kg/cm?2) and a thermal con-
traction coellicient of between about 6x10-5° C. and about
8x10-5° C.

Since the charge transport layer 20 can have a substantially
greater thermal contraction coeltlicient constant compared to
that of the support substrate 10, the prepared tlexible electro-
photographic imaging member will typically exhibit sponta-
neous upward curling, into a 1% inch roll 1f unrestrained, due
to the result of larger dimensional contraction 1n the charge
transport layer 20 than the support substrate 10, as the 1mag-
ing member cools from the glass transition temperature of the
charge transport layer down to room ambient temperature of
25° C. after the heating/drying processes of the applied wet
charge transport layer coating. Therefore, internal tensile
pulling strain 1s build-in 1n the charge transport layer and can

be expressed 1n equation (1) below:
E=(O0crz—Oup) (180 -25 C.) (1)

wherein € 1s the internal strain build-in 1n the charge transport
layer, a ., and a._ , are coellicient of thermal contraction of
charge transport layer and substrate respectively, and Tg .- 1s
the glass transition temperature of the charge transport layer.
Therefore, equation (1), had indicated that to suppress or
control the 1imaging member upward curling, decreasing the
Tg . of the charge transport layer 1s indeed the key to mini-
mize the charge transport layer strain and impact the imaging
member flatness.

An anticurl back coating 1 can be applied to the back side
ol the support substrate 10 (which 1s the side opposite the side
bearing the electrically active coating layers) 1n order to ren-
der the prepared imaging member with desired flatness.

The Anticurl Back Coating

Since the charge transport layer 20 1s applied by solution
coating process, the applied wet film 1s dried at elevated
temperature and then subsequently cooled down to room
ambient. The resulting imaging member web 11, at this point,
not restrained, will spontaneously curl upwardly 1nto a 1%
inch tube due to greater dimensional contraction and shrink-
age of the Charge transport layer than that of the substrate
support layer 10. An anticurl back coating 1, as the conven-
tional imaging member shown in FIG. 1, 1s then applied to the
back side of the support substrate 10 (which 1s the side oppo-
site to the side bearing the electrically active coating layers) in
order to render the prepared imaging member with desired
flatness.

Generally, the anticurl back coating 1 comprises a thermo-
plastic polymer and an adhesion promoter. The thermoplastic
polymer, in some embodiments being the same as the poly-
mer binder used 1n the charge transport layer, 1s typically a

Formula (B)

N
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bisphenol A polycarbonate, which along with the addition of
an adhesion promoter of polyester are both dissolved 1n a
solvent to form an anticurl back coating solution. The coated
anticurl back coating 1 must adhere well to the support sub-
strate 10 to prevent premature layer delamination during
imaging member belt machine function in the field.

In a conventional anticurl back coating, an adhesion pro-
moter of copolyester 1s included 1n the bisphenol A polycar-
bonate poly(4,4'-1sopropylidene diphenyl carbonate) mate-
rial matrix to provide adhesion bonding enhancement to the
substrate support. Satisfactory adhesion promoter content 1s
from about 0.2 percent to about 20 percent or from about 2
percent to about 10 percent by weight, based on the total
weight of the anticurl back coating The adhesion promoter
may be any known in the art, such as for example, VITEL
PE2200 which 1s available from Bostik, Inc. (Mlddleton
Mass.). The anticurl back coating has a thickness that 1s
adequate to counteract the imaging member upward curling
and provide flatness, for example, from about 5 micrometers
to about 350 micrometers or between about 10 micrometers
and about 20 micrometers. A typical, conventional anticurl
back coating formulation contains a 92:8 ratio of polycarbon-
ate to adhesive.

FI1G. 2 A discloses the imaging member prepared according,
to the material formulation and methodology of the present
disclosure. In embodiments, the substrate 10, conductive
ground plane 12, hole blocking layer 14, adhesive interface
layer 16, charge generating layer 18, of the disclosed imaging
member are prepared to have very exact same matenals,
compositions, thicknesses, and follow the i1dentical proce-
dures as those described 1n the conventional imaging member
of FIG. 1, but with the exception that the charge transport
layer 20 1s reformulated to include a di-vinyl phthalate liquid
26 plasticizer of Formula (E) incorporation and becomes the
charge transport layer 20P, to effect 1ts internal strain reduc-
tion and render the resulting 1imaging member with desirable
flatness without the need of the anticurl back coating. In
essence, the presence of the plasticizer liquid in the layer
material matrix, the Tg of the plasticized charge transport
layer 1s therefore substantially depressed, such that the mag-
nitude of (Tg-25° C.) becomes a small value to decrease
charge transport layer internal strain, according to equation
(1), and effect imaging member curling suppression. The
reformulated charge transport layer 20P comprises an aver-
age of about 30% to about 70% weight of a diamine charge
transporting compound such as mTBD (N,N'-diphenyl-IN,N'-
bis[3-methylphenyl]-[1,1'-biphenyl]-4,4'-diamine), about
70% to about 30% weight of polymer binder bisphenol A
polycarbonate poly(4,4'-1sopropylidene diphenyl carbonate)
based on the combination weight of charge transport com-
pound and polymer binder, and the addition of a plasticizing,
di-vinyl phthalate liquid. The content of this plasticizing lig-
uid 1s 1n a range of from about 3 to about 30 weight percent or
between about 10 and about 20 weight percent with respect to
the summation weight of N,N'-diphenyl-N,N'-b1s(3-meth-
ylphenyl)-1,1-biphenyl-4,4'-diamine (m-TBD) and the poly-
carbonate. The formula for the di-vinyl phthalate liquid 26 1s
one of the phthalates of Formulas (E) and (F) or mixtures
thereol.

In the imaging member of this corresponding embodiment,
the plasticizer liquid used 1n the charge transport layer 20P of
the disclosed imaging member in FI1G. 2B may be an alternate
plasticizing liquid of dialkyl terephthalate 28 selected from
one of the general molecular Formulas (N) or (O).

The reformulated charge transport layer may include a
liquid dialkyl terephthalate 28 incorporation into the same
diamine m-TBD and bisphenol A polycarbonate charge trans-
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port layer material matrix. The content of the plasticizing
liquid 1s 1n a range of from about 3 to about 30 weight percent
or between about 10 and about 20 weight percent with respect
to the summation weight the diamine m-TBD and the poly-
carbonate. In a specific embodiment of FIG. 2B, the plasti-
cizing dialkyl terephthalate liquid 28 used 1s a dioctyl tereph-
thalate of Formula (P-8) described herein.

Referring to FI1G. 3, further embodiments of this disclosure
have produce a plasticized charge transport layer 20P which
1s alternatively reformulated to comprise the very exact same
diamine m-TBD and bisphenol A polycarbonate composition
matrix according to the embodiments of FIGS. 2A & 2B,
except that the plasticizer 1s a mixture of liquid di-vinyl
phthalate 26 and dioctyl terephthalate 28. The content of the
two plasticizing liquids 1n the plasticized charge transport
layer 1s 1n a range of from about 3 to about 30 weight percent
or between about 10 and about 20 weight percent with respect
to the summation weight the diamine m-TBD and the poly-
carbonate. Therefore, the respective plasticizer ratio of di-
vinyl phthalate to dioctyl terephthalate that i1s present in the
plasticized charge transport layer 20P 1s between about 10:90
and about 90:10.

According to the extended embodiments, shown 1n FIG. 4,
the charge transport layer 20P of FIG. 3 1s redesigned to
comprise di-vinyl phthalate liquid 26 plasticized dual layers:
a bottom (first) layer 20BP and a top (second) layer 20TP
using. Both of these layers comprise about the same thick-
ness, same diamine m-TBD a polystyrene liquid addition of
from about 3 to about 30 weight percent or between about 10
and about 20 weight percent with respect to the summation
weight the diamine m-TBD and the polycarbonate 1n each
respective layer. In the modification of these very same
extended embodiments of, the di-vinyl phthalate liquid plas-
ticized dual layers are again reformulated such that the first
layer contains larger amount of diamine m-TBD than that 1n
the second layer; that 1s the first layer 1s comprised of about 40
to about 70 weight percent diamine m-TBD while the second
layer comprises about 20 to about 60 weight percent diamine
m-TBD.

In yet another extended embodiments of FIG. 4, both the
dual charge transport layers are plasticized using the liquid
dioctyl terephthalate 28. Both of these layers are designed to
comprise of about same thickness, same diamine m-TBD and
bisphenol A polycarbonate composition matrix, and same
amount of monomer carbonate liquid incorporation of from
about 3 to about 30 weight percent or between about 10 and
about 20 weight percent with respect to the summation
weight the diamine m-TBD and the polycarbonate 1n each
respective layer. In the modification of these very same yet
another extended embodiments, the dioctyl terephthalate
plasticized dual layers are then reformulated such that the first
layer contains larger amount of diamine m-TBD than that 1n
the second layer; that 1s the first layer 1s comprised of about 40
to about 70 weight percent diamine m-TBD while the second
layer comprises about 20 to about 60 weight percent diamine
m-TBD.

In still yet another extended embodiments of FIG. 4, both
the dual charge transport layers are plasticized by the use of a
mixing of liquid di-vinyl phthalate and dioctyl terephathalte
having respective plasticizer ratio of di-vinyl phthalate to
dioctyl terephthalate that i1s present 1n the plasticized dual
layers 1s between about 10:90 and about 90:10. However, 1t 1s
preferred that the mixture 1s of equal parts of liquid di-vinyl
phthalate and dioctyl terephthalate. Both of these layers are
designed to comprise of about same thickness, same diamine
m-TBD and bisphenol A polycarbonate composition matrix,
and same amount of plasticizer liquid mixture incorporation
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of from about 3 to about 30 weight percent or between about
10 and about 20 weight percent with respect to the summation
weight the diamine m-TBD and the polycarbonate in each
respective layer. In the modification of these very same yet
another extended embodiments of FIG. 4, these plasticized
dual layers are further reformulated such that the first layer
contains larger amount of diamine m-TBD than that 1n the
second layer; that 1s the first layer 1s comprised of about 40 to
about 70 weight percent diamine m-TBD while the second
layer comprises about 20 to about 60 weight percent diamine
m-TBD.

The plasticized charge transport layer in imaging members
of additional embodiments, shown 1n FIG. 5, 1s redesigned to
give triple layers: a bottom (first) layer 20BP, a center (me-
dian) layer 20CP, and a top (outer) layer 20TP; all of which
are plasticized with di-vinyl phthalate liquid. In these
embodiments, all the triple layers comprise about same thick-
ness, same diamine m-1TBD and bisphenol A polycarbonate
composition matrix, and same amount of di-vinyl phthalate
liquid addition of from about 3 to about 30 weight percent or
between about 10 and about 20 weight percent with respect to
the summation weight the diamine m-TBD and the polycar-
bonate 1n each respective layer. In the modification of these
very same additional embodiments, the di-vinyl phthalate
liquid plasticized triple layers are further reformulated to
comprise different amount of diamine m-TBD content, 1n
descending order from bottom to the top layer, such that the
first layer has about 50 to about 80 weight percent, the second
layer has about 40 and about 70 weight percent, and the third
layer has about 20 and about 60 weight percent diamine
m-TBD.

In the extension of the additional embodiments of FIG. 5,
all of these triple layers comprise about same thickness, same
diamine m-TBD and bisphenol A polycarbonate composition
matrix, and same amount of dioctyl terephthalate addition of
from about 3 to about 30 weight percent or between about 10
and about 20 weight percent with respect to the summation
weight the diamine m-TBD and the polycarbonate in each
respective layer. In the modification of these very same exten-
sion of additional embodiments, the carbonate monomer
plasticized triple layers are turther reformulated to comprise
different amount of diamine m-TBD content, 1n descending
concentration gradient from bottom to the top layer, such that
the first layer has about 50 to about 80 weight percent, the
second layer has about 40 and about 70 weight percent, and
the third layer has about 20 and about 60 weight percent
diamine m-TBD.

In the another extension of the additional embodiments of
FIG. 5, all the triple charge transport layers of the imaging
member are plasticized with a mixing of liqud di-vinyl
phthalate and dioctyl terephthalate having respective plasti-
cizer ratio of di-vinyl phthalate to dioctyl terephthalate that 1s
present in the plasticized triple layers 1s between about 10:90
and about 90:10. However, 1t 1s preferred that the mixture 1s of
equal parts of liquid di-vinyl phthalate and dioctyl terephtha-
late. In these embodiments, all of these layers comprise about
same thickness, same diamine m-TBD and bisphenol A poly-
carbonate composition matrix, and same amount of the two
plasticizer addition of from about 3 to about 30 weight per-
cent or between about 10 and about 20 weight percent with
respect to the summation weight the diamine m-TBD and the
polycarbonate 1n each respective layer. In the modification of
these very same another extension of additional embodi-
ments, the plasticized triple layers are turther reformulated to
comprise different amount of diamine m-TBD content, 1n
descending concentration gradient from bottom to the top
layer, such that the first layer has about 50 to about 80 weight
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percent, the second layer has about 40 and about 70 weight
percent, and the third layer has about 20 and about 60 weight
percent diamine m-TBD.

In the mnovative embodiments, the disclosed i1maging
member shown in FIG. 6 has plasticized multiple charge
transport layers of having from about 4 to about 10 discreet
layers, or between about 4 and about 6 discreet layers. These
multiple layers are formed to have the same thickness, and
consist of a first (bottom) layer 20FP, multiple (intermediate)
layers 20MP, and a last (outermost) layer 20LP. All these
layers comprise a bisphenol A polycarbonate binder, same
amount of di-vinyl phthalate liquid incorporation, and
diamine m-TBD content present in descending continuum
order from bottom to the top layer such that the bottom layer
has about 50 to about 80 weight percent, the top layer has
about 20 and about 60 weight percent. The amount of di-vinyl
phthalate plasticizer incorporation into these multiple layers
1s from about 3 to about 30 weight percent or between about
10 and about 20 weight percent with respect to the summation
weight the diamine m-TBD and the polycarbonate 1n each
respective layer. In the modification of these very exact same
innovative embodiments, the plasticized multiple charge
transport layers are then modified and reformulated to com-
prise dialkyl phthalate replacement for liquid di-vinyl phtha-
late plasticizer from each layer.

In the another imnovative embodiments, the disclosed
imaging member shown in FIG. 6 has a mixing of liquid
di-vinyl phthalate and dioctyl terephthalate having respective
plasticizer ratio of di-vinyl phthalate to dioctyl terephthalate
that 1s present in the plasticized multiple charge transport
layers 1s between about 10:90 and about 90:10. However, 1t 1s
preferred that the mixture 1s of equal parts of liquid di-vinyl
phthalate and dioctyl terephthalate in these plasticized mul-
tiple layers of from about 4 to 10 about layers, or between
about 4 and about 6 discreet layers. The multiple layers are
formed to have the same thickness, and consist of a bottom
layer, multi-intermediate layers, and a top layer. All these
layers comprise a phthalate liquid mixture incorporation, and
diamine m-TBD content present 1n descending continuum
order from bottom to the top layer such that the bottom layer
has about 50 to about 80 weight percent, the top layer has
about 20 and about 60 weight percent. The amount of plasti-
cizer mixture incorporation 1into these multiple layers 1s from
about 3 to about 30 weight percent or between about 10 and
about 20 weight percent with respect to the summation
weight the diamine m-TBD and the polycarbonate 1n each
respective layer.

As an alternative to the two discretely separated layers of
being a charge transport 20 and a charge generation layers 18
as those described in FI1G. 1, a structurally simplified imaging
member, having all other layers being formed in the exact
same manners as described 1n preceding figures, may be
created to contain a single imaging layer 22P having both
charge generating and charge transporting capabilities and
also being plasticized with the use of the present disclosed
plasticizers to eliminate the need of an anticurl back coating
according to the illustration shown in FIG. 7. The single
imaging layer 22P may comprise a single electrophotographi-
cally active layer capable of retaiming an electrostatic charge
in the dark during electrostatic charging, imagewise exposure
and 1mage development, as disclosed, for example, 1n U.S.
Pat. No. 6,756,169. The single imaging layer 22P may be
formed to include charge transport molecules 1n a binder, the
same to those of the charge transport layer 20 previously
described, and may also optionally include a photogenerat-
ing/photoconductive material similar to those of the layer 18
described above. In exemplary embodiments, the single
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imaging layer 22 of the imaging member of the present dis-
closure, shown in FI1G. 7, 1s plasticized with di-vinyl phthalate
liquid. The amount of di-vinyl phthalate plasticizer incorpo-
ration into the layer 1s from about 3 to about 30 weight percent
or between about 10 and about 20 weight percent with respect
to the summation weight the diamine m-TBD and the poly-
carbonate 1 each respective layer. In another exemplary
embodiments, the single imaging layer 22P of the disclosed
imaging member 1s plasticized with dioctyl terephthalate l1g-
uid. The amount of dioctyl terephthalate plasticizer incorpo-
ration into the layer 1s from about 3 to about 30 weight percent
or between about 10 and about 20 weight percent with respect
to the summation weight the diamine m-TBD and the poly-
carbonate 1n each respective layer.

In the extended exemplary embodiments, the single imag-
ing layer 22P of the imaging member of the present disclosure
1s plasticized with a mixing of liquid di-vinyl phthalate and
dioctyl terephthalate having respective plasticizer ratio of
di-vinyl phthalate to dioctyl terephthalate that 1s present 1n the
plasticized 1maging layer 22P 1s between about 10:90 and
about 90:10. However, it 1s preferred that the mixture 1s of
equal parts of liquid di-vinyl phthalate and dioctyl terephtha-
late. The amount of the mixture plasticizers incorporation
into the layer 1s from about 3 to about 30 weight percent or
between about 10 and about 20 weight percent with respect to
the summation weight the diamine m-TBD and the polycar-
bonate 1n each respective layer.

In those specific exemplary examples of this disclosure, the
phthalate plasticizer used for charge transport layer incorpo-
ration described in the above embodiments 1s a di-vinyl
phthalate selected from one of general Formula (Ib) and a
dialkyl terephthalate selected from one described 1n the gen-
eral molecular Formula (1I).

Typically, the thickness of the plasticized charge transport
layer(s) and the plasticized single layer of all the imaging
members, disclosed 1 FIGS. 2 to 7 above, 1s 1n the range of
from about 10 to about 100 micrometers, or between about 15
and about 50 micrometers. It 1s important to emphasize the
reasons that the outermost top layer of imaging members
employing compounded charge transport layers 1n the disclo-
sure embodiments 1s formulated to comprise the least amount
of diamine m-TBD charge transport molecules (1n descend-
ing concentration gradient from the bottom layer to the top
layer) are to: (1) inhibit diamine m-TBD crystallization at the
interface between two coating layers and (2) also to enhance
the top layer’s fatigue cracking resistance during dynamic
machine belt cyclic function in the field.

The flexible imaging members of present disclosure, pre-
pared to contain a plasticized charge transport layer but no
application of an anticurl backing layer, should have pre-
served the photoelectrical integrity with respect to each con-
trol imaging member. That means having charge acceptance
(V) 1n a range of from about 750 to about 850 volts; sensi-
tivity (S) sensitivity from about 250 to about 450 volts/ergs/
cm?; residual potential (V) less than about 120 volts; poten-
tial after exposure and betfore development (Ve) from about
50 to about 130 volts; and dark decay voltage (Vdd) of
between about 70 and about 20 volts.

For typical conventional 1onographic imaging members
used 1n an electrographic system, an electrically nsulating
dielectric imaging layer 1s applied to the electrically conduc-
tive surface. The substrate also contains an anticurl back
coating on the side opposite from the side bearing the elec-
trically active layer to maintain imaging member flatness. In
the present disclosure embodiments, ionographic imaging,
members may however be prepared without the need of an
anticurl back coating, through plasticizing the dielectric
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imaging layer with the use of liquid di-vinyl phthalate or
liguid dialkyl terephthalate incorporation according to the
same manners and descriptions demonstrated in the curl-free
clectrophotographic 1maging members preparation above.

To further mmproved the disclosed imaging member
design’s mechanical performance, the plasticized top charge
transport layer or single imaging layer, may also include the
additive of morganic or organic fillers to impart greater wear
resistant enhancement. Inorganic fillers may include, but are
not limited to, silica, metal oxides, metal carbonate, metal
silicates, and the like. Examples of organic fillers include, but
are not limited to, KEVLAR, stearates, fluorocarbon (PTFE)
polymers such as POLYMIST and ZONYL, waxy polyeth-
ylene such as ACUMIST and ACRAWAX, fatty amides such
as PETRAC erucamide, oleamide, and stearamide, and the
like. Either micron-sized or nano-sized 1norganic or organic
particles can be used in the fillers to achieve mechanical
property reinforcement.

The flexible multilayered electrophotographic imaging
member fabricated 1n accordance with the embodiments of
present disclosure, described 1n all the above preceding, may
be cut into rectangular sheets. A pair of opposite ends of each
imaging member cut sheet i1s then brought overlapped
together thereof and joined by any suitable means, such as
ultrasonic welding, gluing, taping, stapling, or pressure and
heat fusing to form a continuous 1maging member seamed
belt, sleeve, or cylinder.

A prepared flexible imaging belt thus may thereatter be
employed 1n any suitable and conventional electrophoto-
graphic 1maging process which utilizes uniform charging
prior to 1magewise exposure to activating electromagnetic
radiation. When the imaging surface of an electrophoto-
graphic member 1s uniformly charged with an electrostatic
charge and imagewise exposed to activating electromagnetic
radiation, conventional positive or reversal development
techniques may be employed to form a marking material
image on the imaging surface of the electrophotographic
imaging member. Thus, by applying a suitable electrical bias
and selecting toner having the appropriate polarity of electri-
cal charge, a toner image 1s formed 1n the charged areas or
discharged areas on the 1maging surface of the electrophoto-
graphic imaging member. For example, for positive develop-
ment, charged toner particles are attracted to the oppositely
charged electrostatic areas of the imaging surface and for
reversal development, charged toner particles are attracted to
the discharged areas of the 1imaging surface.

Furthermore, a prepared electrophotographic imaging
member belt can additionally be evaluated by printing 1n a
marking engine into which the belt, formed according to the
exemplary embodiments, has been installed. For intrinsic
clectrical properties 1t can also be determined by conventional
clectrical drum scanners. Additionally, the assessment of 1ts
propensity of developing streak line defects print out in cop-
1es can alternatively be carried out by using electrical analyz-
ing techniques, such as those disclosed in U.S. Pat. Nos.
5,703,487, 5,697,024, 6,008,633; 6,119,3536; and 6,150,824,
which are incorporated herein in their entireties by reference.
All the patents and applications referred to herein are hereby
specifically, and totally incorporated herein by reference 1n
their entirety 1n the mnstant specification.

All the exemplary embodiments encompassed herein
include a method of imaging which includes generating an
clectrostatic latent image on an imaging member, developing
a latent 1mage, and transferring the developed electrostatic
image to a suitable substrate.

While the description above refers to particular embodi-
ments, 1t will be understood that many modifications may be




US 9,017,907 B2

27

made without departing from the spirit thereof. The accom-
panying claims are intended to cover such modifications as
would fall within the true scope and spirit of embodiments
herein.

EXAMPLES

The development of the presently disclosed embodiments
will further be demonstrated in the non-limited Working,
Examples below. They are, therefore 1n all respects, to be
considered as 1llustrative and not restrictive nor limited to the
materials, conditions, process parameters, and the like recited
herein. The scope of embodiments are being indicated by the
appended claims rather than the foregoing description. All
changes that come within the meaning of and range of equiva-
lency of the claims are intended to be embraced therein. All
proportions are by weight unless otherwise indicated. It wall
be apparent, however, that the present embodiments can be
practiced with many types of compositions and can have ,,
many different uses in accordance with the disclosure above
and as pointed out hereinaftter.

10
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Control Example I
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A conventional {flexible electrophotographic 1maging

member web, as shown 1n FIG. 1, was prepared by providing

a 0.02 micrometer thick titanium layer coated on a substrate

of a biaxially onented polyethylene naphthalate substrate
(KADALEX, available from DuPont Teijin Films) having a 30

thickness of 3.5 mils (89 micrometers). The titanized KAD-
ALEX substrate was extrusion coated with a blocking layer
solution containing a mixture of 6.5 grams of gamma amino-
propyltriethoxy silane, 39.4 grams of distilled water, 2.08
grams ol acetic acid, 752.2 grams of 200 proof denatured 35
alcohol and 200 grams of heptane. This wet coating layer was
then allowed to dry for 5 minutes at 135° C. 1n a forced air
oven to remove the solvents from the coating and form a
crosslinked silane blocking layer. The resulting blocking
layer had an average dry thickness of 0.04 micrometers as 40
measured with an ellipsometer.

An adhesive mterface layer was then extrusion coated by
applying to the blocking layer a wet coating containing 5
percent by weight based on the total weight of the solution of
polyester adhesive (MOR-ESTER 49,000, available from 45
Morton International, Inc.) mm a 70:30 (v/v) mixture of tet-
rahydrofuran/cyclohexanone. The resulting adhesive inter-
face layer, after passing through an oven, had a dry thickness
of 0.095 micrometers.

The adhesive interface layer was thereafter coated over 50
with a charge generating layer. The charge generating layer
dispersion was prepared by adding 1.5 gram of polystyrene-
co-4-vinyl pyridine and 44.33 gm of toluene 1nto a 4 ounce
glass bottle. 1.5 grams of hydroxygalllum phthalocyanine
Type V and 300 grams of 4-inch (3.2 millimeters) diameter 55
stainless steel shot were added to the solution. This mixture
was then placed on a ball mill for about 8 to about 20 hours.
The resulting slurry was thereafter coated onto the adhesive
interface by extrusion application process to form a layer
having a wet thickness 01 0.25 mils. However, a strip of about 60
10 millimeters wide along one edge of the substrate web stock
bearing the blocking layer and the adhesive layer was delib-
crately left uncoated by the charge generating layer to facili-
tate adequate electrical contact by a ground strip layer to be
applied later. The wet charge generating layer was dried at 65
125° C. for 2 minutes 1n a forced air oven to form a dry charge
generating layer having a thickness of 0.4 micrometers.

28

This coated web stock was simultaneously coated over
with a charge transport layer and a ground strip layer by
co-extrusion of the two coating solutions. The charge trans-
port layer was prepared by combining a Bisphenol A poly-
carbonate thermoplastic having a molecular weight of about
120,000, commercially available from Mitsubishi Chemicals
as FPC 170, with a charge transport compound N,N'-diphe-
nyl-N,N'-bis(3-methylphenyl)-[1,1'-biphenyl]-4,4'-diamine
in an amber glass bottle 1n a weight ratio of 1:1 (or 50 weight
percent of each). The resulting mixture was dissolved to give
15 percent by weight solid in methylene chloride and was
applied onto the charge generating layer along with a ground
strip layer during the co-extrusion coating process.

The strip, about 10 millimeters wide, of the adhesive layer
left uncoated by the charge generating layer, was coated with
a ground strip layer during the co-extrusion of charge trans-
port layer and ground strip coating. The ground strip layer
coating mixture was prepared by combining 23.81 grams of
polycarbonate resin (MAKROLON 3705, 7.87 percent by
total weight solids, available from Bayer A.G.), and 332
grams ol methylene chloride 1n a carboy container. The con-
tainer was covered tightly and placed on a roll mill for about
24 hours until the polycarbonate was dissolved 1n the meth-
ylene chloride. The resulting solution was mixed for 15-30
minutes with about 93.89 grams of graphite dispersion (12.3
percent by weight solids) of 9.41 parts by weight of graphite,
2.87 parts by weight of ethyl cellulose and 87.7 parts by
weight of solvent (Acheson Graphite dispersion RW22790,
available from Acheson Colloids Company) with the aid of a
high shear blade dispersed in a water cooled, jacketed con-
tainer to prevent the dispersion from overheating and losing
solvent. The resulting dispersion was then filtered and the
viscosity was adjusted with the aid of methylene chlonde.
This ground strip layer coating mixture was then applied, by
co-extrusion coating along with the charge transport layer, to
the electrophotographic 1maging member web to form an
clectrically conductive ground strip layer.

The imaging member web stock containing all of the above
layers was then transported at 60 feet per minute web speed
and passed through 125° C. production coater forced air oven
to dry the co-extrusion coated ground strip and charge trans-
port layer simultaneously to give respective 19 micrometers
and 29 micrometers in dried thicknesses. At this point, the
imaging member, having all the dried coating layers, would
spontaneously curl upwardly into a 1.5-inch tube when unre-
strained as the web was cooled down to room ambient of 25°
C. Since the charge transport layer, having a glass transition
temperature (Tg) ol 85° C. and a coellicient of thermal con-
traction of about 6.6x107>/° C., it had about 3.7 times greater
dimensional contraction than that of the PEN substrate hav-
ing lesser a thermal contraction of about 1.9x107>/° C. There-
fore, according to equation (1), a 2.75% 1internal strain was
built-up 1n the charge transport layer to result in 1imaging
member upward curling.

An anticurl coating was prepared by combining 88.2 grams
of polycarbonate resin (FPC 170), 7.12 grams VITEL
PE-2200 copolyester (available from Bostik, Inc. Middleton,
Mass.) and 1,071 grams of methylene chloride 1n a carboy
container to form a coating solution containing 8.9 percent
solids. The container was covered tightly and placed on a roll
mill for about 24 hours until the polycarbonate and polyester
were dissolved 1n the methylene chloride to form the anti-curl
back coating solution. The anticurl back coating solution was
then applied to the rear surface (side opposite the charge
generating layer and charge transport layer) of the electro-
photographic imaging member web by extrusion coating and
dried to a maximum temperature of 125° C. 1n the forced air
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oven to produce a dried anticurl backing layer having a thick-
ness of 17 micrometers and flatten the imaging member. The

resulting 1imaging member, prepared according to conven-
tional prior art 1s shown 1n FIG. 1.

Demonstration Example

An anticurl back coating free tlexible electrophotographic
imaging member web, as shown i FIG. 2A, was prepared
with the exact same material composition and following iden-
tical procedures as those described in the CONTROL
EXAMPLE I, but with the exception that the anticurl back
coatmg was excluded and the single charge transport layer of
these 1maging member web was externally plasticized
through the incorporation of 10 weight percent of liquid dial-
lyl phthalate (available from Sigma-Aldrich Company),
based on the combined weight of bisphenol A polycarbonate
FPC 170 and the charge transport compound of the charge
transport layer. The resulting imaging member thus obtained,
without an anticurl back coating, was substantially curl-iree.
The diallyl phthalate plasticizer has a formula shown below:

COOCH,CH=CH,

= N

\COOCHZCH=CH2

Disclosure Example I

Another anticurl back coating free tlexible electrophoto-
graphic 1imaging member webs, was likewise prepared with
the exact same material composition and following 1dentical
procedures as those described in the preceding DEMON-
STRATION EXAMPLE, except that the single charge trans-
port layer of these imaging member webs was then externally
plasticized by the incorporation of 10 weight percent di-vinyl
phthalate liquid for diallyl phthalate replacement. The result-
ing anticurl back coating free 1imaging member prepared
according to the present disclosure was substantially curl-
free. The di-vinyl phthalate liquid plasticizer has a formula

shown below:

COOCH=CH,

X
F

COOCH=CH,

Imaging Member Ozone Resistivity Test

A 2 1inchx12 inch test sample was cut out from the imaging,
member (having conventional charge transport layer) of
CONTROL EXAMPLE I and also from the imaging member
(having the 10 weight percent di-vinyl phthalate liquid plas-
ticized charge transport layer) of DISCLOSURE EXAMPLE
I. The two sample cut pieces were each exposed to corona
elfluents emitted from a corona device for 6 hours to induce
ozone attack polycarbonate degradation. Dynamic fatigue
bend flexing test were then carried out respectively for each of
these two 1maging member samples over one inch diameter
roller, for up to 100 thousand bending flexes. Microscopy
examination of these fatigue tested sample, under 100x mag-
nification, showed that the imaging member control devel-
oped substantial fatigue-bend charge transport layer crack-
ing, while the charge transport layer (protected by the
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incorporation of di-vinyl phthalate liquid plasticizer) of the
imaging member counterpart of present disclosure was crack
free.

The observed anti-ozonant effect, to suppress polycarbon-
ate binder chain degradation by ozone attack, was attributed

to the di-vinyl phthalate liquid plasticizer presence 1n the
charge transport layer. The mechanism of ozone quenching

capability provided by the vinyl functional 1n the plasticizer
can be described by the following chemical reaction:

O/O- O
e O o o
\| / \l 1/
/ ] — - —C + —» (C—C — -
c=0 / 0\ / 0\
/ \ cyclic
ozonide
O
\C/O\O + ll—
/" |
Peroxide Ketone

Retference “PRINCIPLES OF POLYMER SYSTEMS” by
Ferdinand Rodriguez; 4 Edition, page 404; Taylor & Fran-
cis Publishers.

Disclosure Example 11

An anticurl back coating free flexible electrophotographic
imaging member webs like that of FIG. 2B was also prepared
with the exact same material composition and following iden-
tical procedures as those described in Disclosure Example 1,
but with the exception that the single charge transport layer of
the imaging member web was alternatively incorporated with
10 weight percent of dioctyl terephthalate plasticizer of For-
mula (P-8) (available from Sigma-Aldrich Company), shown

below, based on the combined weight of bisphenol A poly-
carbonate FPC 170 and the charge transport compound.

Formula (P-38)

H3C(H2C);OOC4</ \>—COO(CH2)?CH3

To assure that the phthalate plasticizer incorporation nto
the charge transport layer was just an externally plasticizing
process to effect its Tg reduction for impacting internal stress/
stress suppression and curl control but without being chemi-
cally bound to the polycarbonate binder, each charge trans-
port layer of the prepared imaging members of the
DISCLOSURE EXAMPLES I and II was analyzed by NMR
analysis; NMR test result thus obtained confirmed that both
the di-vinyl phthalate and dioctyl terephthalate were each
seen to be of molecularly present as iree species by physical
mixing with the material components in the charge transport
layer matrix. That means the plasticizer molecules were not
chemically bound to the polycarbonate chains.

Curl, Tg, and Photoelectrical Properties Determination

The prepared 1imaging members, having plasticizer incor-
poration into 1ts respective CTL materlal matrix of the present
DISCLOSURE EXAMPLES I and 11, were subsequently

evaluated for the degree of upward 1maging member curling,
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CTL glass transition temperature (Tg), and photoelectrical
properties integrity against the imaging member of the Con-
trol Example.

Curl and Tg Assessment:

The assessment for curl-up exhibition in the plasticized
single C'1L 1imaging members was conducted by measure-
ment of each respective diameter of curvature and then com-
pared against to that seen for the 1imaging member of Control
Example pI‘lOI’ to 1ts application of anticurl back coating.
These imaging members were also determined for theirr C'TL

glass transition temperature (1g), using Differential Scan-
ning calorimetry (DSC) method. The results thus obtained for

IDENTIFICATION

Control Example
10% Di-vinyl Phthalate
10% Dioctyl Terephthalate

Control Example
10% Di-vinyl Phthalate

10% Dioctyl Terephthalate

imaging members having CTL plasticized with di-vinyl
phthalate and with dioctyl phthalate as well as that for the
control counterpart are separately tabulated 1n Table 1 below:

TABLE 1
Plasticized C'TL
DIAMETER OF
IDENTIFICATION CURVATURE (1n) Tg(°C.)
Control Example 1 142 87
10% Di-vinyl Phthalate 29 68
10% Dioctyl Terephthalate 30 70

The data given 1n the above table show that the single
layered CTL plasticized with either di-vinyl phthalate or dio-
ctyl terephthalate was capable to provide reasonable anticurl
back coating free imaging member curl-up control at 10
weilght percent loading level of each respective plasticizer.
That means the diameter of curvature measurement results

obtained for these anticurl back coating free imaging member
curl-up of both DISCLOSURE EXAMPLES I and II were
approximately equivalent, about 29 inches and about 30
inches respectively for di-vinyl phthalate and dioctyl tereph-
thalate plasticized C'TL. But by comparison, both 1 1mag1ng
members of the DISCLOSURE EXAMPLES were still sig-
nificantly flatter than that seen for the imaging member con-
trol counterpart of 114 inch diameter of curvature prior to the
application of the anticurl back coating.

Even though at 10 weight percent incorporation to the
CTL, both plasticizers were capable to render substantial
anticurl back coating free imaging members flatness, never-
theless at 10 weight percent loading level, 1t did cause CTL Tg,
depression to 68° C. But since the typically operation tem-
perature of all xerographic imaging machines 1s less than 40°
C., therefore the CTL Tg depression to 68° C. (by plasticizer
incorporation even at 10 weight percent loading level) 1s valid
and acceptable as 1t 1s still way above the imaging member
belt machine functioming temperature 1n the field.

Photoelectrical Properties Determination:

The prepared imaging members ot Disclosure Examples 1
and II, comprising each respective plasticizing CTL, were
then analyzed for the photo-electrical properties such as for
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the charge acceptance (V ), sensitivity (S), residual potential
(V ), and dark decay potential (Vdd) to assure proper tunction
against the control 1imaging member counterpart of Control
Example I using the lab. 5000 scanner test. The results thus
obtained, shown 1n below Table 2 below, had demonstrated
that incorporation of the plasticizer liquid of either di-vinyl
phthalate or diocty terephthalate, at the experimental loading,
level into the CTL, was not found to substantially impact the
crucially important photoelectrical properties to aifect imag-
ing process of the resulting imaging members as compared to
those of control imaging member counterpart. These results
had therefore assured proper imaging member belt machine

functional integrity in the field.

TABLE 2
Vo S Vr Ve=6.0 Verase Bj(depl) Vdd
(volts)  (volt/Erg/fem?)  (volts) (volts) (volts) volts) (volts)
799 372 51.0 70.2 38.5 120.2 28.5
799 353 39.6 57.9 28.8 106.8 28.3
799 374 56.0 74.1 42.2 130.4 28.7
After 10K Cycles
800 352 88.1 116.2 68.5 160.2 41.7
799 339 83.3 110.8 64.8 153.8 41.3
800 368 95.1 123.7 73.3 171.0 41.2
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Additionally, plasticizing the CTL(s), 1n the loading levels
disclosed in both above Disclosure Examples, were all found
to have good layer adhesion value greater than that of the
adhesion specification; this would therefore ensure that the
CTL layer’s bonding strength and 1ntegrity without the pos-
sibility of delamination during imaging member belt dynamic
fatigue machine function 1n the field.

It will be appreciated that various of the above-disclosed
and other features and functions, or alternatives thereof, may
be desirably combined into many other different systems or
applications. Various presently unforeseen or unanticipated
alternatives, modifications, variations or improvements
therein may be subsequently made by those skilled 1n the art
which are also intended to be encompassed by the following
claims.

What 1s claimed 1s:

1. A flexible 1maging member comprising:

a flexible substrate;

a charge generating layer disposed on the substrate; and

at least one charge transport layer disposed on the charge
generating layer,

wherein the charge transport layer comprises a polycar-
bonate, N,N'-diphenyl-N,N'-di(3-methylphenyl)-1,1-
biphenyl-4,4'-diamine, and 1s externally plasticized with
a first plasticizer or a second plasticizer; wherein the first
plasticizer having a Formula (I)

YCOOCR'=CR’

/ \ YCOOCR'=CR/,

whereinY 1s O ornull, R'1s H or F,
and the second plasticizer having a Formula (I1I)

R”3C[R"2C]HR"2COOCY—QYCOOCR”z[CR”z]HCR”3

wherein Y 1s O ornull, R"1s Hor F, and n 1s from 1 to 6, and
turther wherein the first plasticizer and the second plasticizer
are miscible with both the polycarbonate and N,N'-diphenyl-
N,N'-di(3-methylphenyl)-1,1-biphenyl-4,4'-diamine.
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2. The imaging member of claim 1, wherein charge trans-
port layer comprises a mixture of the first plasticizer and the
second plasticizer.

3. The imaging member of claim 2, wherein the first plas-
ticizer 1s selected from the group consisting of:

Formula (A)

H,C=—=HCOOC 4</ \>7 COOCH=—=CH,,
o Formula (B)

F>,C=FCOO0OC 4</_\>7COOCF —CFl>,
T Formula (C)

Formula (D)

F>,C=FCO0OCO OCOOCEHF=CF,,

H2C=HCOOCO©—OCOOCH=CH2,

Formula (E)
COOCH=—=CH
T
Z SN COOCH==CH,,
Formula ()
COOCF=CF
‘/'\ e 2
\/\COOCF=CF2,,
Formula (G)
: :OCOOCH=CH2
OCOOCH=—=CH,,
Formula (H)

OCOOCF==CF,
:j:
7 OCOOCF==CF,.

Formula (])

COOCH=—=CH,
é
7 N COOCH=CH,,
Formula (K)
COOCF=—=CF>»
é\
= COOCEF=CF>,
Formula (L)

OCOOCH=—=CH,

X

7N

OCOOCH=CH,,
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-continued

Formula (M)
OCOOCEF=—=CF>

X
F

OCOOCEF=—=CF>,

and mixtures thereof.
4. The imaging member of claim 2, wherein the second
plasticizer 1s selected from the group consisting of:

Formula (N)

H3C[H2C]HH2COOC—< \>—COOCH2[CH2]HCH3

Formula (O)

F3C[F2C]HF2COOC4< \>—COOCF2[CF2]HCF3

Formula (P)

/N

H,C[H,C],H,COOCO OCOOCH,[CH,],CHx

?

Formula (QQ)

F3C[F2C]HF2COOC04</_>7OCOOCFE[CFZ]HC&

P

and mixtures thereol, wherein each n i1s independently
from 1 to 6.
5. The imaging member of claim 2, wherein the second
plasticizer comprises an dioctyl terephthalate having a for-
mula of:

Formula (P-8)

H3C(H2C)¢OOC—</ \>7COO(CH2)?CH3

6. The imaging member of claim 2, wherein the mixture of
the first plasticizer and the second plasticizer 1s present in the
charge transport layer 1n a total amount of from about 3% to
about 30% by weight based on the combination weight of
polycarbonate and N,N'-diphenyl-N,N'-d1(3-methylphenyl)-
1,1-biphenyl-4,4'-diamine 1n the charge transport layer.

7. The imaging member of claim 1, wherein the charge
transport layer further comprises a third plasticizer selected
from the group consisting of bis-2-ethylhexyl ester, diethyl
sebacate, tris(2-ethylhexyl)phosphate, bis(2-butoxyethyl )ph-
thalate, tris(2-ethylhexyl)trimellitate, tibenzyl ether, dodecyl
| 2-(trifluoromethyl) Jphenyl, tributyl phosphate, and dicyclo-
hexyl phthalate, and mixtures thereof.

8. The imaging member of claim 1, wherein the first plas-
ticizer or the second plasticizer are present in the charge

transport layer 1n an amount of from about 3% to about 30%
by weight of the combination weight of polycarbonate and
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N,N'-diphenyl-N,N'-di(3-methylphenyl)-1,1-biphenyl-4.4'-
diamine 1n the charge transport layer.

9. The imaging member of claim 1, wherein N,N'-diphe-
nyl-N,N'-di1(3-methylphenyl)-1,1-biphenyl-4,4'-diamine  1s
present 1n the charge transport layer in an amount of from
about 30% to about 70% by weight of the of the combination
weight of polycarbonate and N,N'-diphenyl-N,N'-d1(3-meth-
ylphenyl)-1,1-biphenyl-4,4'-diamine 1n the charge transport
layer, and the polycarbonate 1s present in an amount of from
about 30% to about 70% by weight ol the combination weight
of polycarbonate and N,N'-diphenyl-N,N'-di(3-methylphe-
nyl)-1,1-biphenyl-4,4'-diamine in the charge transport layer.

10. The imaging member of claim 1, wherein the charge
transport layer has dual layers and comprises a first charge
transport layer disposed on the charge generating layer and a
second charge transport layer disposed on the first charge
transport layer.

11. The imaging member of claim 10, wherein the plasti-
cizer present in each of the charge transport layers 1s different.

12. The imaging member of claim 10, wherein the plasti-
cizer 1n each of the charge transport layers 1s the same.

13. The imaging member of claim 10, wherein the plasti-
cizer 1n each of the charge transport layers comprises a mix-
ture of different plasticizers.

14. The imaging member of claim 10, wherein an amount
of N,N'-diphenyl-N,N'-bis(3-methylphenyl)-1,1-biphenyl-4,
4'-diamine present in each of the charge transport layers
decreases from the innermost charge transport layer to the
outermost charge transport layer.

15. The imaging member of claim 1, wherein the charge
transport layer has triple layers and comprises a first charge
transport layer disposed on the charge generating layer, a
second charge transport layer disposed on the first charge
transport layer, and a third charge transport layer disposed on
the second charge transport layer.

16. The imaging member of claim 1 having a diameter of
curvature of about 28 inches or more.

17. A flexible imaging member comprising:

a flexible substrate;

a single 1imaging layer disposed on the substrate, wherein
the single 1imaging layer disposed on the substrate has
both charge generating and charge transporting capabil-
ity and the single imaging layer comprises a polycarbon-
ate, N,N'-diphenyl-N,N'-bis(3-methylphenyl)-1,1-bi-
phenyl-4,4'-diamine, a charge generating pigment, and
1s externally plasticized with a first plasticizer or a sec-
ond plasticizer, wherein the first plasticizer having a

Formula (I)

YCOOCR'=CR"

/ \ YCOOCR'=CR/,

whereinY 1s O or null, R'1s H or F,
and the second plasticizer having a Formula (1I)

R"gC[R"ZC]HR"2COOCY4</ >—YCOOCR"2[CR"2]HCR"3

wheremnY 1s O ornull, R"1s Hor F, and n 1s from 1 to 6, and
turther wherein the first plasticizer and the second plasticizer
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are miscible with both the polycarbonate and N,N'-diphenyl-
N,N'-di(3-methylphenyl)-1,1-biphenyl-4,4'-diamine.

18. The 1imaging member of claim 17, wherein charge
transport layer comprises a mixture of the first plasticizer and
the second plasticizer.

19. The imaging member of claim 17, wherein the first

plasticizer or the second plasticizer 1s present 1n an amount of
from about 3% to about 30% by weight based on the combi-
nation weight of polycarbonate and N,N'-diphenyl-N,N'-d1
(3-methylphenyl)-1,1-biphenyl-4,4'-diamine 1n the single
imaging layer.

20. The imaging member of claim 17, wherein N,N'-diphe-
nyl-N,N'-di(3-methylphenyl)-1,1-biphenyl-4.,4'-diamine  1s
present in the single imaging layer in an amount of from about
30% to about 70% by weight of the of the combination weight
of polycarbonate and N,N'-diphenyl-N,N'-di(3-methylphe-
nyl)-1,1-biphenyl-4,4'-diamine 1n the single imaging layer,
and the polycarbonate 1s present 1n an amount of from about
30% to about 70% by weight of the combination weight of
polycarbonate and N,N'-diphenyl-N,N'-d1(3-methylphenyl)-
1,1-biphenyl-4,4'-diamine 1n the single imaging layer.

21. An 1image forming apparatus for forming images on a
recording medium comprising;:

a) a flexible imaging member having a charge retentive-
surface for receiving an electrostatic latent image
thereon, wherein the 1maging member comprises
a flexible substrate;

a charge generating layer disposed on the substrate; and
at least one charge transport layer disposed on the charge
generating layer, wherein the charge transport layer
comprises a polycarbonate, N,N'-diphenyl-N,N'-d1
(3-methylphenyl)-1,1-biphenyl-4,4'-diamine, and 1s
externally plasticized with a first plasticizer or a sec-

ond plasticizer; wherein the first plasticizer having a
Formula (I)

YCOOCR'=CR',

/ \ YCOOCR'=CR/,

wheremnY 1s O ornull, R'1s H or F,
and the second plasticizer having a Formula (II)

R”3C[R”EC]HR”ZCOOCY4©7YCOOCR”Q[CR”Q]HCR’}

wheremnY 1s O ornull, R"1s Hor F, and n 1s from 1 to 6, and
turther wherein the first plasticizer and the second plasticizer
are miscible with both the polycarbonate and N,N'-diphenyl-
N,N'-di(3-methylphenyl)-1,1-biphenyl-4,4'-diamine;

b) a development component for applying a developer
material to the charge-retentive surface to develop the
clectrostatic latent image to form a developed 1mage on
the charge-retentive surface;

c) a transier component for transierring the developed

image from the charge-retentive surface to a copy sub-
strate; and

d) a fusing component for fusing the developed 1image to
the copy substrate.

% o *H % x
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